Characterization of mycoplasmata of bovine origin and their role in infertility by O\u27Berry, Phillip Aaron
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1967
Characterization of mycoplasmata of bovine origin
and their role in infertility
Phillip Aaron O'Berry
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Veterinary Pathology and Pathobiology Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
O'Berry, Phillip Aaron, "Characterization of mycoplasmata of bovine origin and their role in infertility" (1967). Retrospective Theses
and Dissertations. 3956.
https://lib.dr.iastate.edu/rtd/3956
L,Tiis dissertation has been 
microfilmed exactly as received 67-12,983 
O'BEKRY, Phillip Aaron, 1933-
CHABACTEBIZATION OF MYCOPLASMATA OF BOVINE 
ORIGIN AND THEIR ROLE IN INFERTILITY. 
Iowa State University of Science and Technology, Ph.D., 1967 
Agriculture, animal pathology 
University Microfilms, Inc., Ann Arbor, Michigan 
(©Copyright by 
PHILLIP AARON 0'BERRY 
1967 
CHARACTERIZATION OF MYCOPLASMATA OF BOVINE 
ORIGIN AND THEIR ROLE IN INFERTILITY 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of 
The Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Major Subject: Veterinary Microbiology 
by 
Phillip Aaron 0'Berry 
Approved: 
In Charge of Major Work 
Head of Major Department 
iuate College 
Iowa State University 
Of Science and Technology 
Ames, Iowa 
1967 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
ii 
TABLE OF CONTENTS 
Page 
I. INTRODUCTION 1 
II. REVIEW OF LITERATURE 2 
III. MATERIALS AND METHODS 14 
A. Source of material examined 14 
B. Mediums for the isolation of Mycoplasma 14 
C. Methods for the isolation of Mycoplasma 17 
D. Methods for the examination of reproductive 
material for Mycoplasma 18 
E. Materials and methods for the characterization 
of Mycoplasma isolants ~ 22 
F. Clinical effects of Mycoplasma isolants on 
fertility of virgin heifers and bulls 31 
G. Histologic effects of Mycoplasma isolants on 
exposed virgin heifers 35 
IV. RESULTS 3 7 
A. Occurrence of Mycoplasma in semen and other 
reproductive material 37 
B. Morphologic, biochemical and serologic 
characteristics of Mycoplasma isolants 44 
C. Clinical effects of Mycoplasma isolants on 
fertility of virgin heifers and bulls 81 
D. Histologic effects of Mycoplasma isolants on 
exposed virgin heifers 85 
V. DISCUSSION 107 
VI. SUMMARY 116 
VII. BIBLIOGRAPHY 119 
VIII. ACKNOWLEDGEMENTS 125 
1 
I. INTRODUCTION 
Infertility is a major cause of economic loss in cattle. Meaningful 
research in bovine reproduction is difficult to conduct due to the 
inherent complexity of the process. Physiologic, nutritional, genetic, 
anatomic, environmental and management factors, as well as infectious 
diseases, contribute to this serious economic loss. 
Infectious diseases are thought to play a major role in bovine 
infertility. Certain specific microorganisms, e.g. Vibrio fetus. 
Trichomonas foetus and Brucella abortus are well known and important 
causes of bovine infectious infertility. Many other microorganisms have 
been isolated from infertile cows and bulls, and aborted fetuses. It 
is probable that continued research will reveal the involvement of 
hitherto unrecognized infectious agents in abortion and infertility. 
Genital mycoplasmosis has been implicated in bovine infectious 
infertility but it has not been investigated fully. Little information 
is available on the incidence of Mycoplasma spp. in the bovine reproductive 
tract since reproductive materials often are not examined for these 
organisms. With few exceptions Mycoplasma strains isolated from cattle 
have not been adequately characterized. The role of these organisms in 
bovine infectious infertility has not been determined. The purpose of 
this study is to determine the occurrence of Mycoplasma in the bovine 
reproductive tract and to characterize the isolants obtained. The clinical 
and pathologic effects of selected isolants in cattle also will be 
determined. 
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II. REVIEW OF LITERATURE 
The order Mycoplasmatales, described by Freundt (1955), presently 
includes organisms previously referred to as members of the pleuro­
pneumonia group, and pleuropneumonia-like organisms (pplo), A thorough 
taxonomic treatment of this order has been presented by Freundt (1957), 
It is generally considered to have only one family. 
The family Mycoplasmataceae is a diverse group of microorganisms 
which has been extensively reviewed by Freundt (1958), Klieneberger-Nobel 
(1962) and Eaton (1965), Additional information has been presented at 
two international conferences sponsored by the New York Academy of 
Science (1960 and 1966), Thé family contains only one genus. 
The generic name Mycoplasma, first suggested by Nowak (1929), is now 
generally accepted. Among the other generic names which have been used 
are Asterococcus (Borrel et al,, 1910) and Boviinyces (Sabin, 1941), At 
least 15 species have been recognized. The type species is Mycoplasma 
mycoides. 
Members of the genus Mycoplasma are highly pleomorphic, lack a cell 
wall and have basic reproductive units which range fran 125-250 my in 
diameter. They are resistant to penicillin and reproduce in a cell-free 
medium. All species, except Mycoplasma laidlawii, require serum or 
ascitic fluid enrichment of artificial medium for growth. The very small 
colonies, ranging in size from 1 to 6 mm in diameter, have a characteristic 
"fried egg" appearance with the center embedded in the agar. These micro­
organisms are found in man and many species of mammals and birds. 
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Nocard and Roux in 1898 reported the isolation of the first myco­
plasma; M, mycoides, the causative agent of contagious bovine pleuro­
pneumonia, They inoculated serum broth with pleural exudate, enclosed 
the mixture in collodion sacs, and placed them in the peritoneal cavity 
of rabbits. The rabbits became emaciated and died, whereas others 
implanted with similar sacs containing uninoculated medium remained well. 
Minute bodies were observed when the broth in the inoculated sacs was 
examined with the highest powers of the microscope. 
Contagious bovine pleuropneumonia was introduced into the United 
States in 1843 and its spread led to the establishment of the Bureau of 
Animal Industry of the U. S. Department of Agriculture in 1884. The 
United States has been free of this disease since March 1892, but it is 
still economically important in Australia and parts of Africa. 
Reports of the isolation of mycoplasmata other than M. mycoides from 
cattle are numerous. It is recognized that the same organism may be 
found in several organs and systems of the animal body. However, to 
facilitate the review of literature on this subject, reports on myco­
plasmata isolated from joints, mammary gland, respiratory system and 
urogenital system will be treated separately. 
Isolation of Mycoplasma sp. from the joints of cattle and calves has 
been described by Moulton et al. (1956), Simmons and Johnston (1963), 
Allen (1963) and Hughes et al. (1966). Several of the reports indicated 
that clinical signs of arthritis were present when isolations were made 
and arthritis was produced experimentally in calves by Mycoplasma inocula­
tion. The incidence of mycoplasmal arthritis in cattle is not known. 
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A member of the genus Mycoplasma was first isolated from milk of 
normal cows and from udder secretions of cows with clinical mastitis by 
A1Strom in 1955; but the relationship of these isolants to clinical mastitis 
was not determined, Davidson and Stuart (1960) briefly described the 
isolation of a "Mycoplasma-like" organism from an outbreak of bovine 
mastitis but they did not characterize the organism in this report or specu­
late as to its role in the disease. Bovine mastitis caused by a Mycoplasma, 
tentatively named M. agalactiae var. bovis, was first described by Hale 
and co-workers (1962) in Connecticut. The colonies were surrounded by 
a zone of partial hemolysis. The organism did not ferment glucose or 
produce a visible change in litmus milk. Methylene blue was partially 
reduced. In 1963, Stuart et al, described in detail the mastitis out­
break briefly described in 1960 and determined that it was caused by a 
Mycoplasma strain which resembled M, bovigenitalium. Also in 1963, 
Carmichael et al, reported the results of a clinical and laboratory study 
of cows in 15 New York State dairy herds with mastitis caused by myco-
plasmata. Recently, Kehoe (1966) stated that the Mycoplasma responsible 
for bovine mastitis do not have a specific maamary gland tropism and 
he considered that a species designation for them was premature, 
Mycoplasmata are frequently found in the bovine respiratory tract, 
sometimes in the presence of respiratory disease. Carter (1954) first 
reported the isolation of 4 strains from the lungs of 24 calves with severe 
bronchopneumonia. He suggested these organisms were parasitic since they 
were isolated and propagated with great difficulty. Further work by Carter 
and McSherry (1955) resulted in the isolation of mycoplasmata from nasal 
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swabs from 16 of 33 cattle with shipping fever. IVhen the mycoplasmata 
were present, they were usually recovered in large numbers. Moulton et al. 
(1956) recovered a mycoplasma from the joints, kidneys and spleen of a 
calf with severe bronchopneumonia. Biochemically, it seemed to be related 
to caprine and other bovine strains except that it fermented galactose. 
Hamdy et al. (1958) isolated 3 strains of "pplo" from the respiratory 
tracts of calves with shipping fever but their subsequent work (1963) 
indicated these organisms were of no importance in the induction of the 
disease syndrome. Olson et al. (1960) isolated "pplo" from the nose of 11 
of 30 cows and 3 of 10 bulls. Most isolants had characteristics similar 
to those of M. laidlawii. A nonpathogenic "pplo" which produced marked 
turbidity in broth but failed to colonize on solid medium was found in the 
nose of cattle and described by Hudson and Etheridge (1963) in Australia. 
These workers considered this to be a new type of "pplo". Langer and 
Carmichael (1963) identified as Mycoplasma, isolants previously reported 
to be viral agents, which were associated with calfhood illness and bovine 
mastitis. A pathogenic role for these organisms in calves is suggested 
but remains to be proved, A recent, excellent report of Harbourne et al» 
(1965) concerns the isolation and serologic classification of mycoplasmata 
isolated from bovine lungs and nasal swabs. They isolated organisms from 
the lungs of 10 calves suffering from pneumonia and from 46 nasal swabs 
taken from animals suffering from a respiratory infection. Isolants were 
placed in 2 distinct serologic groups. The majority, consisting of both 
lung and nasal isolants, belonged to an "unknown" serotype. The remainder, 
consisting only of nasal strains, had the characters of M, laidlawii. 
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Reports of isolation of mycopiasmata from the bovine genital tract 
are numerous. It is well to chronologically examine these reports and 
uni^ v the findings in order to understand the current knowledge available 
on the role of these organisms in infectious infertility. 
Edward et al. in 1947 reported the isolation of organisms of the 
pleuropneumonia group from vaginal material obtained from 18 of 64 cows. 
Infected cows came from herds with long histories of breeding difficulties 
and showed evidence of inflammatory changes. Similar organisms were 
isolated from the semen of 6 bulls. Nielsen (1949) reported the cultiva­
tion of "pplo" from uterine samples taken from sterile cows. Ite also 
reported that his collaborators (Rasbech and Szabo) had cultivated an 
organism of the "pplo" grwip from bull semen. Nielsen speculated that 
inseminated animals probably conceive but return to heat about 4 weeks 
afterwards and thereafter are sterile. He concluded that he could not 
express a definite opinion as to the real significance of these organisms 
in sterility although he suspected it might be very great. 
Edward (1950 a) reported that the strains he had isolated from the 
bovine genital tract could be grouped into P and S strains. He considered 
P strains to be pathogens and S strains saprophytes. 
The P strains required serum for cultivation in artificial medium. 
Cultures on horse serum medium had a characteristic appearance, which was 
thought to be due to the precipitation of a protein subatance. Agglutinins 
for P strains were not found in sera of infected cattle, Edward considered 
these strains to be pathogens since there was some evidence that they were 
capable of causing an inflammation of the genital tract which predisposed 
to infertility. However, experimental inoculation of cultures into the 
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uterus of heifers did not produce disease (Edward, 195 2), Edward and 
Fitzgerald (1952) also reported that a growth factor found in hog gastric 
mucin or thymic nucleic acid was needed to isolate the majority of P 
strains from the genital tract of cattle. 
The S strains of Edward, in contrast, resembled the saprophytic 
members of the pleuropneumonia group, to which they were found serolo­
gically related. They grew at room temperature and on medium devoid of 
serum. Additional work of Edward (1950 b) indicated S strains fermented 
carbohydrates but P strains did not. Both groups of organisms reduced 
methylene blue but S strains produced finely granular growth in fluid 
medium while P strain growth was uniformly turbid. This classical work of 
Edward has served as the most complete examination of Mycoplasma isolants 
from the bovine genital tract, 
Diernhofer (1951) in Austria found with regularity a pleuropneumonia-
like organism when he examined materials from cattle with granular 
vaginitis, Florent (1953) studied the frequency and localization of 
Edward's type P Mycoplasma in the genital tract of cattle. He reported 
that these organisms normally prevail in the preputial sac of the bull, 
where the infection remains latent. He presumes that their presence in 
speim is due to contamination during its ejection from the penis or its 
passage through the terminal urethra. In female cattle, the organisms were 
occasionally found in the vagina and the uterus more often, it seems, in 
the heifer than in the adult cow, Florent has not proven or disproven 
venereal transmission. He found S and P strains killed 100% of embryonated 
hen's eggs after 2-9 passages on the chorioallantoic membrane, The 
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hypothesis that only certain P strains are pathogenic is supported by 
Florent*s results of breeding studies, P strains were isolated from 22 of 
34 heifers (64,7%) which averaged 1,2 inseminations per pregnancy, 
Terpstra (1953 a) produced an acute vaginitis by mixing pplo with 
bull semen and inseminating 5 virgin heifers. Four became pregnant, PPLO 
were isolated from the vaginas of 8 of 20 heifers on a farm experiencing 
breeding trouble, PPLO were also cultured from the vagina of a normal 
virgin heifer, Terpstra concluded that the influence of these organisms 
on sterility had not yet been deteimined. In a later report, Terpstra 
(1953 b] stated that no pathologic significance can be attached to several 
of the pplo strains which occur in the genital tract of cows. However, 
attention was drawn to the fact that several of these microorganisms 
deserve further examination with regard to the damage they might cause, as 
they appeared to be present in large quantities in certain cases of 
sterility, or in cases in which deviations of the genital tract were 
determined. 
Albertsen (1955) found pplo in semen samples from 33 of 35 bulls in a 
Danish artificial insemination center. These organisms were thought to be 
saprophytes, Bakos et al, (1959) reported that pplo occur often in cattle 
with genital disease and occasionally in healthy animals and are spread 
venereally. Further investigations with pplo cultures showed that they can 
multiply in female genital organs without causing pathological changes. In 
this country, Kiesel and Dacres (1959) reported the cervices of 7 of 16 
cattle cultured for pplo were positive, 
Villemot and Provost (1959 a) surveyed the incidence of pplo in the 
genital tract of 134 Zebu cattle in Tchad, Thirty-nine strains were 
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isolated. Six of the 11 strains studied biochemically and serologically 
were identified as M, laidlawii and 5 were identified as M, bovigenitalitm» 
Further serologic studies by these workers (1959 b) revealed common anti­
genic fractions among M. mycoides, M. laidlawii, M, bovigenitalium and 
M, hominis. 
During a study of reversible azoospermia in bulls, Berchtold and 
Bogel (1962) found a pplo strain to be involved. Isolation was made by 
animal inoculation and the strain was cytopathogenic in cell culture. In 
4 of 8 artificially infected bulls it produced an acute balanoposthitis 
combined with a transient depression of sperm quality. Concurrent 
bacteriologic and virologie studies failed to indicate any other micro­
organism was responsible. 
Pleuropneumonia-like organisms were demonstrated by Speck (1962) in 
semen and preputial washings fran 15 of 93 bulls; 10 of which were young 
bulls. Fertility and semen characteristics were apparently not affected 
by the presence of these organisms. Pleuropneumonia-like organisms were 
also isolated from 6 of 226 vaginal washings of cows from herds with a low 
conception rate. Two serologically distinct antigenic groups were demon­
strable by complement fixation test and agar gel precipitation, Bakos 
et al. (1962) reported sane normal and some infertile bulls were repeatedly 
negative and others repeatedly positive for Mycoplasma» The occurrence of 
Mycoplasma could not be correlated with specific pathologic changes in the 
sexual organs or with signs of coital infection. In studies of the prepuce 
and semen. Mycoplasma were found in 64% of preputial samples and 36.8% of 
semen samples. In 7 bulls positive for Mycoplasma, the organisms were found 
10 
after slaughter in the prepuce of 2 but not in other parts of the genital 
tract, 
Barber and Fabricant (1962) studied extensively the incidence of 
Mycoplasma in various mammals. Thirty-nine isolants were obtained from 307 
samples fron 166 animals. Of these, 24 isolants were from semen of bulls 
in an artificial breeding establishment. Seventy samples of bovine 
vaginal mucus from 35 animals were negative for Mycoplasma. Allen (1963) 
determined the prevalence and pathogenicity of certain bovine Mycoplasma 
species. While he was primarily interested in organisms in the nose and 
joints, he did isolate 2 strains from vaginal secretions; one of which died 
before it could be characterized. The surviving vaginal isolant reduced 
methylene blue and tetrazolium chloride and did not utilize glucose. 
Experimental bovine uterine mycoplasmosis was studied by Hartman et al, in 
1964, During or immediately after clinical estrus, 8 mature heifers 
received intrauterine inoculations of 7-9 ml, of viable cell suspensions 
of a Mycoplasma species known to be pathogenic for the bovine mammary gland. 
Animals were necropsied at various intervals from 4 to 100 days post 
inoculation. Varying degrees of endometritis, endosalpingitis, and 
salpingoperitonitis were observed in 7 of the animals. A neutrophilic 
leucocytosis, the only detectable clinical manifestation of response to 
the agent, was noted in 3 of 6 animals. Mycoplasma was isolated from the 
vagina, uterus and oviducts of the 4 animals necropsied 4, 9, 13 and 17 
days after inoculation. Cultures from the uterus and oviducts of the 
animal necropsied 33 days after inoculation were positive for Mycoplasma. 
Preliminary studies by Hoare and Haig (1964) on the presence of 
Mycoplasma in the reproductive organs of cows passing through the slaughter 
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houses in Compton» England revealed Mycoplasma to be most consistently 
found in one or both oviducts. Of 33 cows examined. Mycoplasma 
resembling those described by Edward et al, in 1947 have been isolated 
from the oviducts of 20, Nine of these were from 13 cows slaughtered for 
persistent infertility. It was concluded that if the presence of Mycoplasma 
in the oviduct does evoke an inflammatory response, it would appear to 
be of a low grade type, because macroscopic thickening was only occasion­
ally seen. It is unfortunate that histologic studies on these tissues 
were not included in this report. 
Bane (1964) summarized the information obtained from studies on pplo 
as a cause of bovine reproductive disorders in Sweden. He reported that 
lesions in the genital tract of cattle seem to predispose to pplo infection. 
Bulls positive for pplo may transmit the organisms to fanales venereally. 
Pleuropneumonia-like organisms grow in the female genital tract without 
producing pathological changes. Bane concluded that pplo strains isolated 
from the genital tract of Swedish cattle do not seem to be of primary 
aetiological importance as a cause of infertility. 
Additional emphasis has recently been placed on the role of Mycoplasma 
in bovine infertility in an attempt to reduce the high incidence of un­
explained infertility. An excellent review of literature on genital 
mycoplasmosis in cattle was prepared by Hirth et al. (1966 b). The thesis 
of Hirth (1965) describes studies conducted with M, agalactiae var, bovis, 
an organism which induced mastitis in experimental cattle. This organism 
was added to bull samen prior to its being processed and frozen in liquid 
nitrogen. The Mycoplasma was not adversely affected by this treatment. 
Twelve heifers were inseminated with semen containing the live mycoplasmata 
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and 6 with semen containing killed mycoplasmata. Four of the 12 failed 
to conceive after as many as 5 inseminations and a Mycoplasma was isolated 
from cervicovaginal mucus for up to 8 months. At necropsy, the 4 heifers 
that failed to conceive had bilateral, chronic, suppurative salpingitis 
and various degrees of endometritis, A later publication by Hirth and 
co-workers (1966 a) also reports the finding of ovarian adhesions in these 
4 heifers. Mycoplasma, isolated in pure culture from the resultant genital 
lesions, was considered to be the cause of the genital lesions and the 
observed infertility. 
British workers (Afshar et al., 1966) recently have associated M. 
bovigenitalium with a disease described clinically as granular vulvo­
vaginitis (Nodular Venereal Disease) of cattle. The disease was trans­
mitted serially in heifers by applying vaginal mucus, on swabs taken from 
diseased cattle, to lightly scraped vulvovaginal epithelium. Mycoplasma 
bovigenitalium was isolated in c&lf kidney cell cultures from vaginal mucus 
5 times frcHn 2 heifers and on artificial medium from a third naturally 
affected heifer. The organisms were recovered consistently from heifers 
after experimental infection. Scraping of the vaginal epithelium was 
necessary for infection to occur. Similar applications of a mastitis 
strain of Mycoplasma resulted in the production of granular vulvovaginitis. 
Ccmpl«nent fixing antibody to Mycoplasma was not demonstrated in the sera 
of heifers with granular vulvovaginitis. Infusion of a M, bovigenitalium 
strain of vaginal origin into the udders of cows caused mastitis and both 
complement fixing and growth inhibiting antibodies were demonstrated in 
their serums. 
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Mycoplasma has most recently been incriminated by 0*Berry et al. (1966) 
as a cause of abortion in cattle. The organism was isolated frwn the 
abomasal contents of an aborted bovine fetus and from the vaginal mucus 
of 2 of 8 cows in a herd with a history of low fertility. These strains 
were examined biochemically and morphologically and compared to 2 poultry 
pathogens, M, laidlawii and a bovine strain isolated from nasal secretions. 
It is probable that one vaginal isolant (NA.DL-3) and the nasal isolant 
(NADL-4) are M. laidlawii. The fetal isolant (NADL-1) and the second 
vaginal isolant (NADL-2) differed from M. bovigenitalium in that they 
fermented carbohydrates. Furthermore, the second vaginal isolant reduced 
methylene blue, a characteristic not attributed to M. bovigenitalium. 
The most recent comparative study of a number of Mycoplasma strains 
originally isolated from cattle in Europe, North America and Australia 
is that of Leach (1966). After examining cultural, biological and sero­
logical properties of each strain, he found the majority of them fell into 
8 groups. Included are the existing named species; M. mycoides var. 
mycoides, M, bovigenitalium and M. laidlawii. The other 5 groups appeared 
to represent new species. One group includes numerous strains isolated in 
Great Britain, Holland, and the United States; many of which were associated 
with pneumonia or pneuraoenteritis. Two other strains associated with 
pneumoenteritis in the United States formed a separate group. Strains 
associated with mastitis in the United States formed another group, but a 
strain causing mastitis in Great Britain was classified as M. bovigenitalium. 
Isolants associated with arthritis in Australia and the nose of cattle in 
Australia form 2 other distinct groups. 
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III. MATERIALS AND METHODS 
A, Source of material examined 
A wide variety of bovine reproductive material was examined for myco­
plasma. Samples of semen, egg yolk-citrate extender, and egg yolk used in 
preparing the semen extender were obtained from 2 large midwestern bull 
studs. Preputial fluid was collected by the author, using Trichomonad 
Pipettes,* from bulls with and without infertility on farms in Iowa, Vagi­
nal mucus was also collected by the author, using the instrument of Frank 
and Bryner (1952), from cows with and without a history of infertility. 
Aborted fetal material was received from staff members of the Iowa State 
University Veterinary Diagnostic Laboratory or from Iowa veterinary 
practitioners, 
B, Mediums for the isolation of Mycoplasma 
Two heart infusion mediums enriched with horse serum were used. One 
of these was the medium of Kelton (1960), The broth consisted of Heart 
Infusion Broth (Difco) 25 Gm,, Yeast Extract (Difco) 10 Gm,, and Proteose 
Peptone No, 3 (Difco) 10 Gm. dissolved in 1,000 ml, distilled H2O, The pH 
of the broth was adjusted to 7,9 with 1 N NaOH, The broth was distributed 
in 10 ml, quantities in 16 x 125 mm screw cap tubes and autoclaved at 
121 C for 15 minutes. One and one-half ml, of horse serimi, which had been 
heated for 30 minutes at 56 C and Seitz EK filtered, was added to each 
tube of cooled broth. Following incubation at 37 C for 3 days to check 
sterility, broth was stored at 4 C, Unused broth medium was discarded if 
*NASCO, Fort Atkinson, Wisconsin. 
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not used within one month. Broth medium containing 500 units of buffered 
potassium penicillin G* per ml. and a 1:4000 concentration of thallium 
acetate** was also prepared. 
Kelton's agar medium consisted of Heart Infusion Agar (Difco) 25 Gm,, 
Heart Infusion Broth 10 Gm,, Yeast Extract 10 Gm., and Proteose Peptone 
No. 3 10 Gm. dissolved in 1,000 ml, distilled water. The pH was adjusted 
by adding the same amount of 1 N NaOH as was required to adjust the same 
amount of broth medium to pH 7,9 (approximately 1 ml. of NaOH solution for 
each 100 ml. of medium). Two hundred and fifty ml. of medium was dis­
pensed into each of several cotton-stoppered Erlenmeyer flasks, autoclaved 
at 121 C for 15 minutes and placed in a 45 C water bath. After at least 
30 minutes at this temperature, 37.5 ml. of horse serum (15%) which had 
been Seitz EK filtered and heat inactivated was added. The medium was 
mixed thoroughly and approximately 20 ml. quantities were poured into 
sterile 100 x 15 ram plastic Petri dishes. Plates were maintained at room 
temperature overnight and stored at 4 C. Medium was discarded if not used 
within one month. Agar medium which contained similar kinds and quantities 
of inhibitors as described for Kelton's broth medium was also prepared. 
The second of the heart infusion mediums was that developed by Switzer 
(1955) and later modified by Ross and Switzer (1963), Broth medium was 
prepared by infusing 500 Gm, of ground fresh beef heart in 1,000 ml. 
*E. R, Squibb § Sons, Inc,, New York, N, Y, 
**Fisher Scientific Co,, Fair Lawn, N. J. 
***Ames Lab-Tek, Inc., Westmont, 111. 
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distilled H2O for 18-24 hrs, at 4 C, stirring gently several times. The 
infusion was heated for 30 minutes at 90 C in a stainless steel kettle with 
an outlet nozzle at the bottom. After allowing the infusion to settle for 
1 hr., it was passed through coarse filter paper. Excess infusion filtrate 
was frozen at -20 C for future use. To the filtrate was added 0.5% 
hemoglobin (Difco), 0.5% NaCl and 0.5% gastric mucin* and the pH was 
adjusted to 7.8 with 10 N NaOH. The solution was heated for 30 minutes in 
a boiling water bath and filtered through coarse filter paper and Whatman 
GF-A glass fiber paper.** After the filtrate had been cooled, a suffi­
cient quantity of horse serum which had been Seitz EK filtered and heated 
at 56 C for 30 minutes was added to make a final concentration of 15% and 
the pH was rechecked and adjusted to 7.8 with 1 N NaOH, Broth medium was 
filtered through a Hormarai Filter,*** dispensed aseptically in sterile 
16 X 125 ram screw cap tubes in 10 ml. quantities, sterility checked, and 
stored at 4 C. Broth medium was also prepared with inhibitors as des­
cribed previously for Kelton's broth medium. Unused medium was discarded 
after one month. 
Switzer's agar medium was prepared by adding sufficient agar (Difco) 
to the basal medium to make a final concentration of 1%. This medium was 
dispensed in 250 ml. quantities in 300 ml. Erlenmeyer flasks, autoclaved 
and placed in a 45 C water bath. After at least 30 minutes at this 
*Wilson Pharmaceutical Division, Chicago, 111. 
**Arthur H. Thomas Co., Philadelphia 5, Pa. 
***F. R. Hormann and Co., Inc., Milldale, Connecticut. 
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temperature, 37.5 ml. of horse serum (15%) was added and the medium was 
poured in containers and quantities similar to those described for Kelton's 
agar medium. Medium was stored at 4 C and discarded if not used within 
one month. 
Unless otherwise indicated, broth and agar cultures were incubated 
for 7 days at 37 C, Agar cultures were incubated in glass desiccators 
in a gaseous atmosphere composed of 10% CO2, 65% N2 and 25% air. 
C. Methods for the isolation of Mycoplasma 
Mycoplasma strains were isolated and purified by a several-step 
procedure. Kelton's and Switzer's broth and agar mediums, with and without 
inhibitors, were inoculated with material to be examined for mycoplasma. 
Primary broth cultures were transferred after incubation to fresh broth 
and agar medium, regardless of whether gross examination indicated myco­
plasma might be present. Broth cultures were discarded if secondary agar 
cultures were negative for colonies resembling mycoplasma. Primary and 
secondary agar cultures were examined after 5 days' incubation, with a 
stereoscopic microscope at 20 x magnification and a substage light source. 
Agar cultures negative for colonies resembling mycoplasma were discarded. 
If colonies with characteristics of those of mycoplasma, were observed, 
purification and isolation procedures were initiated. Broth and agar 
mediums were inoculated with single colonies of each mycoplasma strain. 
Using the method suggested by Kelton (1962), a representative colony was 
lightly rubbed with a sterile inoculating loop until the center of the 
colony was no longer visible and the material adhering to the loop was 
transferred to broth or agar medium. This will hereafter be referred to 
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as the loop technique. A single colony was also cut from the agar surface 
and placed in fresh broth. This will hereafter be referred to as the agar 
block method. This isolation procedure was compared to the loop technique. 
Colonies were transferred to fresh agar medium every 7 days until broth 
cultures of single colony isolants were obtained by one of the transfer 
methods. Broth cultures were transferred every 5-7 days for at least 4 
transfers in broth free of inhibitors in order to eliminate possible 
L forms. Five day-old broth cultures were rechecked for mycoplasma growth 
by agar medium inoculation, dispensed in 1.0 ml, quantities in 1,2 ml. 
glass ampules,* sealed with a Kahlenberg-Globe ampule sealer,* placed in a 
mechanical freezer** at -64 C overnight, and stored in a liquid nitrogen 
refrigerator*** for future study. 
D, Methods for the examination of reproductive material for Mycoplasma 
The incidence of mycoplasmata in unprocessed and processed bull semen 
was studied. Two large midwestem bull studs (A and B) were contacted and 
arrangements were made to conduct the study. Unprocessed semen samples 
were shipped in small plastic vials on ice to the National Animal Disease 
Laboratory for cultural examination. Processed semen, in flame sealed 
glass ampules, was shipped in a liquid nitrogen refrigerator. Other 
materials, e.g. semen extender and egg yolks, were shipped in sterile 
plastic bags on ice. 
*NASCO, Fort Atkinson, Wise. 
**Revco, Inc., Deerfield, Mich, 
***Linde Co., Division of Union Carbide Corp., New York, N. Y, 
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Forty-one samples of frozen, antibiotic-treated, processed bull semen 
from 27 bulls standing in stud A were purchased. They were randomly 
selected by the stud veterinarian and when received were stored in a 
liquid nitrogen refrigerator until culturally examined. Samples were 
examined in groups of 5 or 6, and a record was made of the bulls' name and 
number, his registration number and the ejaculate code. Samples were 
thawed slowly in tap water, opened and the semen quantity was measured. 
One-tenth ml, quantities of semen were spread over 1 plate each of Kelton's 
and Switzer's agar mediums both with and without inhibitors and Brain 
Heart Infusion Agar (Difco) with 10% defibrinated bovine blood with and 
without inhibitors (57 units/ml, mycostatin,* 4.5 units/ml. bacitracin,** 
and 11.4 jig/ml. novobiocin ). Two-tenth ml, quantities of 23 semen 
samples were also inoculated into a tube each of Kelton's and Switzer's 
broth mediums containing inhibitors. This procedure was discontinued due 
to bacterial contamination. After 7 days' incubation agar cultures were 
examined. Mycoplasma colonies occurring on each plate were counted and 
a sketch was made of representative colonies. Broth medium without 
inhibitors was inoculated with representative single colonies using the 2 
methods (agar block and loop technique) described in section C, Agar 
medium without inhibitors was also inoculated with single colonies of each 
strain transferred by the loop technique. These procedures were continued 
*E, R, Squibb and Sons, New York, N, Y, 
**Eli Lilly and Co., Indianapolis, Ind. 
***The Upjohn Co., Kalamazoo, Mich. 
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until either broth cultures were obtained or the culture was found to be 
negative. Three-day broth cultures of Mycoplasma isolants were sealed in 
1,0 ml, quantities in 1.2 ml, glass vials,* frozen at -64 C and stored in 
liquid nitrogen for future study. Second semen samples frm 14 bulls 
negative for mycoplasma on the first examination were also cultured. 
Eleven samples of raw semen from 7 bulls in stud A with clinical 
signs of seminal vesiculitis were cultured for mycoplasmata. Semen was 
collected and quantities of 0,4 - 2,0 ml, were received. The entire 
sample was cultured. One-tenth ml, quantities were used to inoculate 
Kelton's and Switzer's agar mediums with and without inhibitors. 
Twenty-four bulls in stud A were selected for a special study of the 
occurrence of mycoplasmata in unprocessed semen, semen extender, and in 
the same semen sample after it had been processed and frozen, A total of 
24 samples of unprocessed semen from the 24 selected bulls was culturally 
examined. Fourteen samples were collected on one day and shipped with a 
75 ml, sample of extender used that day. The next day, 10 semen samples 
were collected and shipped with a 75 ml, sample of extender used that day. 
The egg yolk-citrate extender was prepared in the stud each day and the 
unused portion was discarded. The sample volumes of unprocessed semen 
received varied from 0,2 - 0,5 ml, A sterile inoculating loop, with a 
capacity estimated at 0,002 ml, was used to inoculate 2 plates each of 
Kelton's and Switzer's agar mediums with and without inhibitors, Kelton's 
broth medium with inhibitors was inoculated with the remainder of the 
*Wheaton Glass Co., Millville, New Jersey 
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semen sample. Attempts were made to propagate observed mycoplasma colonies 
in broth medium after cultures had been examined and the mycoplasma 
colonies had been counted, A total of 72 ml. of each sample of semen 
extender also was examined culturally for mycoplasmata. Two-tenth ml. 
quantities were cultured on 5 plates each of Kelton's and Switzer's agar 
mediums with and without inhibitors. Four ml, quantities were cultured in 
12 and 5 tubes respectively of Kelton's broth with and without inhibitors. 
Agar cultures were examined for mycoplasma colonies and broth medium cul­
tures were plated on agar medium and transferred to fresh broth. A sample 
of egg yolk used in preparing the semen extender was also culturally 
examined for mycoplasmata. Two-tenth ml. quantities were cultured on 12 
plates of Kelton's agar without inhibitors and in 12 tubes each of Kelton's 
broth with and without inhibitors. Cultures were examined for mycoplasma 
after 7 days' incubation. 
The ranaining portions of the unprocessed sanen samples from the 24 
bulls were processed in the stud by the usual methods as for distribution 
in the field. Twenty-three samples of this processed semen (1 of the 24 
samples was not suitable for processing) were shipped for cultural 
examination. Samples were handled and culturally examined for mycoplasmata 
in a manner similar to that described earlier for processed semen. 
Both unprocessed and processed bull semen samples from a second stud 
(stud B) were culturally examined for mycoplasmata. Thirty-eight samples 
of unprocessed semen from 27 bulls were examined. One-tenth ml, quantities 
were cultTzed on 1 plate each of Kelton's and Switzer's agar mediums with 
and without inhibitors. Forty-six samples of processed semen from 18 
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bulls no longer standing in the stud were examined. Samples were main­
tained in a liquid nitrogen refrigerator until cultured in a manner 
similar to that described for processed semen samples fron stud A. 
Many samples of reproductive materials, either collected by the 
author frcm cattle on Iowa farms or furnished by colleagues at the Iowa 
Veterinary Diagnostic Laboratory in Ames, Iowa, were examined for 
mycoplasmata over a 2-year period, A total of 163 samples of vaginal 
mucus was culturally examined. A portion of mucus was spread over the 
surface of 1 plate each of Kelton's and Switzer's agar mediums with and 
without inhibitors. Fifteen aborted fetuses were culturally examined! 
Major body organs were aseptically removed, incised and scrapings were 
spread on the agar mediums. Fetal fluids, e,g, abomasal contents, thoracic 
fluid, bile and peritoneal fluid, were collected aseptically and cul­
tured using Kelton's and Switzer's agar and broth mediums. Three 
samples of preputial fluid were cultured on Kelton's and Switzer's agar 
medium with inhibitors, 
E. Materials and methods for the characterization of Mycoplasma isolants 
The morphologic, biochemical and serologic characteristics of 18 of 
the mycoplasma isolated in this study were fully investigated. These 
characteristics were compared with those of other mycoplasma strains re­
ceived from colleagues. The serologic but not biochemical characteristics 
of 24 other mycoplasma isolated in this study were determined and compared 
with those of the strains fully investigated. 
Isolants to be characterized were preserved in a liquid nitrogen 
refrigerator prior to study. They were thawed and Kelton's broth medium 
without inhibitors was inoculated. Cultures were transferred into fresh 
broth at 3- to 4-day intervals. It was necessary to thaw and culture 
several samples of a few strains before all were successfully propagating 
in broth medium. 
Cellular and colonial morphologic characteristics of all strains were 
studied. Broth cultures of each strain were examined, using phase con­
trast microscopy at 1220X, Broth cultures were streaked on Kelton's agar 
medium without inhibitors, in such a manner that single, well isolated 
colonies were obtained when observed under 20X magnification. Representa­
tive single colonies of each strain were transferred by the loop technique 
to fresh agar medium to obtain single colonies. After several transfers 
on agar medium, representative 7-day-old colonies were photographed at 
l/50th sec. exposure time using Kodak Panatomic X film and a green filter. 
Photographs were enlarged so that the overall magnification of the colonies 
was 38X, 
Biochemical characteristics of the mycoplasma strains were determined 
using a variety of tests. Those characteristics studied were carbohydrate 
fermentation, serum requirement, methylene blue and 2, 3, 5-triphenyl 
tetrazolium chloride reduction, hydrogen sulfide and catalase production, 
temperature tolerance, gaseous atmosphere requirement, antibiotic sensitivity, 
and hemagglutinating and hemolytic properties. The effects of isolants 
on primary cell cultures were also studied. Certain of these tests have 
not been used to characterize mycoplasmata, but they were conducted in 
this study in hopes that they might aid in the differentiation of these 
isolants. When possible, methods previously described for determining the 
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characteristics of Mycoplasma were used. In other tests, methods were 
arbitrarily ©nployed or were borrowed from those used to characterize 
other organisms. All tests were repeated at least once and often several 
times before a characteristic was recorded. 
Carbohydrate fermentation tests were conducted as described previously 
by 0*Berry (1966)» Glucose, mannose, galactose, and maltose were the 
carbohydrates used, Kelton's broth medium, prepared without indicator 
and added carbohydrate, was also inoculated with each strain to determine 
viability and freedom from contamination. 
Serum requirement was determined in broth and on agar mediums with 
and without horse serum. Kelton's broth and agar mediums were inoculated 
with 0,1 ml, and 1 drop quantities, respectively, of a 3-day broth culture 
of each strain. Strains were considered to require serum if growth did not 
appear in or on serum-free medium after 10 days' incubation. 
The ability of each strain to reduce methylene blue (dehydrogenase 
activity) in broth and agar mediums was determined. Broth medium studies 
were conducted as described (0'Berry, 1966), Ten-, fifteen-, twenty- and 
thirty-ml, quantities of a 1:10,000 dilution of methylene blue were each 
added to 250-ml, of Kelton's agar medium ; thus making final concentrations 
of methylene blue ranging from 1:260,000 to 1:93,000 per ml. Agar medium 
containing each concentration of methylene blue was inoculated with a 
3-day broth culture of each strain, Kelton's broth and agar mediums without 
methylene blue were also inoculated. 
The ability of each strain to reduce 2, 3, 5-triphenyl tetrazolium 
chloride in broth and agar mediums was determined. Tubes of Kelton's broth 
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medium containing 0.1-, 0,5- and 1.0-ml, of a 1:100 dilution of triphenyl 
tetrazolium chloride were prepared and inoculated, Kelton's agar medium 
containing 1,5 ml. of a 0.5% triphenyl tetrazolium chloride solution per 
575 ml, was prepared, poured and the plates inoculated. Sketches were 
made of representative colonies of each strain, Kelton's broth and agar 
mediums without triphenyl tetrazolium chloride were also inoculated. 
The ability of each strain to produce catalase or hydrogen sulfide 
was determined as described by 0*Berry (1966), Catalase positive Vibrio 
fetus and hydrogen sulfide positive Vibrio bubulus cultures were included 
as positive controls with the strains of mycoplasma studied. 
Growth temperature studies of each strain were conducted using broth 
and agar medium cultures incubated at 22, 30, 37 and 42 C, Broth medium 
studies were conducted as previously described (0'Berry, 1966), Agar medium 
was also inoculated, incubated at the above temperatures for 10 days and 
examined for growth. The gaseous atmosphere in which agar medium cul­
tures were incubated was similar to that described previously in this study. 
The gaseous atmospheric requirement of each strain was studiev , One 
drop of a 3-day broth culture of each strain was used to inoculate each 
of 5 plates of Kelton's agar medium. One plate of each strain was incubated 
in a gaseous atmosphere of either 100% N2, 10% CO2 and 85% N2, 50% CO] and 
50% N2, 10% N2 and 85% CO2, or 100% CO2, After 7 days' incubation, plates 
were examined for mycoplasma colonies. 
Antibiotic sensitivity tests were conducted by the application of 
sensitivity discs to surface growth. The following 13 antibiotics were 
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obtained frcan a commercial source* and used: Albamycin 5 wg., Ampicillin 
10 wg., Aurecffliycin 5 ug,, Chloromycetin 30 yg,, Colistin 10 yg., Dihydro-
streptomycin 10 wg.. Erythromycin 2 pg., Lincoraycin 2 yg,. Neomycin 
30 yg.. Penicillin G 2 units. Polymyxin B 300 units, and Terramycin 30 yg. 
Discs containing Kanamycin 0,14 mg, and Tylosin 25 mg, were prepared by 
cutting 9 mm, discs from blotters** used in a paper electrophoresis system 
(Beckman Model R) using the end of a sharpened metal tube. Discs were 
autoclaved, soaked in Kanamycin*** or Tylosin^  solution, allowed to dry 
at room temperature, and stored at 4 C, One-tenth ml. of a 3-day broth 
culture of each strain was spread uniformly over the surface of Kelton's 
agar medium. Plates were allowed to dry for 15 minutes and the antibiotic 
discs were applied. Sensitivity was determined by the presence or absence 
of a zone of growth inhibition surrounding each disc after 7 days' incuba­
tion. 
The hemagglutinating properties of the mycoplasma isolants were 
investigated using a plate test with horse, human type 0, cow, turkey, and 
chicken erythrocyte suspensions and a tube test with horse, guinea pig, 
cow and turkey erythrocyte suspensions, A 0,25% suspension of erythrocytes 
from each species was prepared using Alsevers solution as diluent, Plate 
hemagglutination tests were conducted by mixing 0,5 ml, quantities of 
*Colab Laboratories, Inc,, Chicago Heights, 111, 
**Beckman Instruments, Inc,, Fullerton, Calif, 
***Bristol Laboratories, Syracuse, N, Y, 
E^li Lilly and Company, Indianapolis, Ind, 
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each erythrocyte suspension with an equal quantity of a 3-day broth cul­
ture of each strain of mycoplasma and examining for hemagglutination after 
5 minutes. Tube tests were also conducted with 2-fold dilutions in saline, 
beginning with 1:2, of a 3-day broth culture of each strain added to an 
equal quantity of each 0.25% suspension of erythrocytes. Tube test results 
were recorded after incubation for 20 minutes at room temperature, A posi­
tive reaction at the dilution of 1:4 or higher was considered significant. 
Hemolysis tests were conducted according to the method described pre­
viously (0'Berry, 1966). Agar mediums each containing fresh horse or 
guinea pig blood were prepared and inoculated with several drops of a 3-day 
broth culture of each strain. Agar mediums containing fresh horse blood and 
1:2000 or 1:20,000 dilutions of sodium azide were also prepared and inocu­
lated with each strain to determine if sodium azide would enhance hemolysis. 
The final biochemical property to be examined was the effect of the 
mycoplasma isolants on primary cell cultures derived from bovine embryonic 
kidney, bovine embryonic testicle and chicken embryo fibroblasts. Bovine 
fetal kidneys were removed aseptically from animals sent to the abattoir 
in Lamoni, Iowa. The capsule of each kidney was ranoved using sterile 
scissors and the cortex was excised and minced in a sterile Petri dish. 
The minced tissue was washed twice in Dulbecco's phosphate buffered saline 
(PBS) containing NaCl 8 Gm., KCl 0.2 Gm., CaCl2 0.1 Gm., Na2HP04 1.15 Gm., 
KH2PO4 0.2 Gm., MgCl2'6 H2O 0.1 Gm. in distilled H2O (q.s. to 1 liter). 
The PBS was sterilized by passage through a 0.22 y filter.* The minced 
*Millipore Corporation, Bedford, Mass. 
28 
tissue was then washed once for 5 minutes in 0,25% trypsin* solution in 
PBS, The trypsin solution was also passed through a 0,22 p filter. The 
washed tissue was digested overnight at 4 C in 200-300 ml, of 0,25% 
trypsin solution in PBS. The cell suspension was filtered through sterile 
gauze and centrifuged in the cold for 5 minutes at approximately 150 g. 
Cells were resuspended in fresh PBS and washed at least twice by centri-
fugation. The volume of packed cells was determined and the cells were 
resuspended in an equal volume of supernate. Hank's growth medium, com­
posed of 0,5% lactalbumin hydrolysate (LAH), 100 units of penicillin/ml,, 
0.1 mg, of dihydrostreptomycin/mla; and a quantity of SPF calf serum 
sufficient to make a 10% concentration, was added to the cell suspension 
at the rate of 200 ml,/ml, of packed cells and the cell suspension was 
filtered through sterile gauze into dispensing bottles. One-ml, quantities 
of this cell suspension were dispensed in sterile 16 x 150 mm rubber-
stoppered tubes and incubated at 37 C in the reclined position until 
confluent cell sheets were achieved (3-4 days). 
Bovine fetal testicles were removed from calves from the above men­
tioned abattoir and the testicle cell cultures were prepared as described 
above for kidney cell cultures except that testicular tissue was trypsinized 
1-2 hours instead of overnight. Chicken embryo fibroblast cell cultures 
were prepared from 9-day embryos. The eggs were washed with 70% ethanol 
and the top of the shell was cut off with sterile scissors. Each embryo 
was removed, decapitated and placed in PBS, The embryo was eviscerated. 
*Nutritional Biochemicals Corp,, Cleveland, Ohio, 
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rinsed well in PBS and trypsin!zed 1-2 hours. After trypsinization chick 
embryo fibroblast cell cultures were prepared as described above for 
bovine «nbryonic kidney cell cultures. 
One drop of a 3-day broth culture of each strain of mycoplasma was 
used to inoculate a tube of each of the 3 types of cell cultures described 
above. Cell cultures were also inoculated with 0.1-, 0,2- and 0.3-ml. 
quantities of sterile Kelton's broth medium. At least 10 tubes of each 
type of cell culture served as uninoculated controls. After inoculation, 
cell cultures were examined at various times during a 7-day incubation 
period. When cytopathic effects (CPE) were noted, cell cultures with and 
without CPE were cultured for both bacteria and mycoplasraata. Medium in 
all tubes was changed after 3 to 5 days' incubation but cell cultures were 
not reinoculated. Cell culture medium from tubes with and without CPE was 
used to inoculate additional cell cultures in an effort to determine if 
CPE might appear sooner after inoculation with second passage cell culture 
material. 
Serologic characteristics of the mycoplasma strains were determined 
using tube agglutination and growth-inhibition tests. Antigen used for 
immunization and tube agglutination tests was prepared by inoculating a 
liter of Kelton's broth medium with 30 to 60 ml. of a 3-day broth culture 
of each strain and incubating for 5 to 7 days at 37 C. Broth cultures 
were centrifuged at 1,000 g for 20 minutes, supernatant was discarded, and 
the cells were washed twice in 0.85% NaCl solution. Washed cells were re-
suspended in a quantity of 0,85% NaCl solution sufficient to produce a 
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final cell suspension having an optical density of 0.4 as determined 
spectrophotonetrically* at a wave length of 420 my. This cell suspension 
was stored at 4 C and used as antigen both to hyperiramunize rabbits and 
to conduct the tube agglutination test. 
The mycoplasma antiserums were prepared in white rabbits weighing 
2-3 lb. They were bled by cardiac puncture and their serums were examined 
and found not to contain agglutinins for mycoplasma by the tube test to 
be described below. One-ml, quantities of the antigens were intra­
venously injected into a rabbit every 3-4 days for 10-12 weeks. Serum 
samples were collected 10 weeks after the first injection and periodically 
thereafter to determine the mycoplasma agglutinin level, IVhen a satis­
factory agglutinin level was achieved rabbits were bled by cardiac puncture 
and the serum of each was stored at 4 C until tested. 
Tube agglutination tests were conducted on 21 serums using antigens 
from 45 mycoplasma isolates. Two-fold serum dilutions beginning with 1:25 
and ending with 1:1600 were prepared and tested. Antigen-antiserum mix­
tures were incubated 24 hours at 37 C and the amount of agglutination was 
recorded. 
Growth-inhibition tests were conducted with 21 hyperimmune serums 
against 21 mycoplasma strains according to the method reported by Clyde 
(1964), Absorbent discs, prepared as described previously for use in 
antibiotic sensitivity, were soaked in each hyperimmune serum, allowed to 
dry and placed on Kelton's agar medium containing a uniformly heavy inoculum 
*Spectronic 20, Bausch & Lomb, Inc., Rochester, N, Y, 
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of mycoplasma. The presence or absence of a zone of growth inhibition sur­
rounding the serum-impregnated discs was recorded after 7 days* incubation. 
F. Clinical effects of Mycoplasma isolants on fertility of virgin heifers 
and bulls 
Eighteen virgin, Holstein-Friesian heifers 18-24 months of age were 
selected from the cattle herd of the National Animal Disease Laboratory 
(NADL). Twelve of the heifers were housed in a building which permitted 
semi-isolation but the heifers were allowed to mingle freely in adjacent 
lots to facilitate the detection of signs of estrus. The remaining 6 
heifers were maintained in a field pen with an adjoining 4-acre pasture. 
All heifers were observed at least twice daily for signs of estrus and 
such information was recorded. At least 3 weekly samples each of vaginal 
and nasal mucus were collected from each heifer and cultured on Kelton's 
agar medium with and without inhibitors. Serum samples were collected the 
day the heifers were received and at irregular time intervals during the 
course of the study. 
Four mature, highly fertile Holstein-Friesian bulls from the NADL 
herd were also selected. They were housed in isolation stalls; 3 in one 
building and the fourth in another building. At least 3 samples each of 
nasal mucus and preputial fluid were collected from each of 3 of the bulls 
(5106, 5348 and 5355) and cultured on Kelton's agar medium with and 
without inhibitors. Four samples of semen from the fourth bull (4951) were 
collected on 4 successive days and culturally examined for mycoplasmata. 
The quality of these semen samples was also determined by gross and micro­
scopic examination. 
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Seventeen mycoplasma strains were included in this study, comprising 
14 strains isolated from bull semen and 3 strains isolated from bovine 
mammary secretions. The 14 semen isolates were arbitrarily divided into 
2 groups (A and B) of 7 each and the 3 mammary isolants comprised the 
third group (C), Broth cultures of each strain were grown for 3 days and 
dispensed in glass vials which were then flame-sealed and preserved by 
freezing as described previously. The viable cell count of each culture 
was determined immediately before freezing and approximately 1 year there­
after using colony counting methods. Ten-fold dilutions of each strain 
were made in Kelton's broth and 0.1-ml, quantities were spread over the 
surface of each of 3 Kelton's agar plates. Colonies were counted and the 
number of viable cells/ml, of each culture was estimated. 
Five heifers (87, 88, 90, 91, and 93) and a bull (5355) were exposed 
to the mycoplasma strains in Group A (1790, 1795, 1800, 1804, 1816, 1823, 
and 4665). As 4 of the heifers (88, 90, 91, and 93) exhibited signs of 
estrus, they were given an intrauterine infusion of 1-ml. quantities of 
the 7 semen isolates in Group A, A sample of processed semen from one of 
the bulls frcsn which a Group A semen strain had been isolated was also 
included in the intrauterine inoculum. Intrauterine insemination with 2-6 
ml. of unprocessed, mycoplasma-free semen from bull 4951 followed the 
exposure of the uterus to mycoplasmata. Intrauterine inoculations and 
inseminations were performed with plastic artificial insemination tubes,** 
*From Dr. W. N. Plastridge, The University of Connecticut, Storrs, Conn. 
**NASCO, Fort Atkinson, Wise. 
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fitted on one end with a short piece of rubber tubing which served as a 
syringe adapter» Vaginal mucus samples from each heifer were collected 
and cultured for wycoplasmata 1-3 days after exposure and at weekly inter­
vals thereafter. Heifers were examined daily for signs of estrus and 
weekly by rectal palpation for pregnancy. Heifers that returned to estrus 
were reinseminated with 2-5 ml, of unprocessed, mycoplasma-free semen from 
bull 4951, The breeding performance of each heifer was recorded. 
The fifth heifer (87) and the bull (5355) were exposed to Group A 
mycoplasma strains to determine if these organisms could establish in the 
bovine prepuce and/or vagina and be transmitted venereally, A 10-ml, 
quantity of pooled, 3-day broth cultures of the Group A strains was 
instilled into the prepuce of 5355, Preputial fluid was collected at 
weekly intervals and cultured for mycoplasmata. Heifer 87 was bred by 
natural service to this bull after he had been exposed to the Group A 
mycoplasma strains, and vaginal mucus samples were collected and cultured 
for mycoplasmata the day after breeding and at weekly intervals thereafter. 
This heifer was observed for signs of estrus and clinical vaginitis. 
Approximately 70 days after exposure to mycoplasma by natural breeding, a 
9-ml, quantity of pooled 4-day broth cultures of Group A strains was 
instilled into the vagina of this heifer (87) and she was observed for 
clinical signs of vaginitis. 
Five other heifers (83, 85, 86, 89, and 92) and a bull (5348) were 
exposed to the mycoplasma strains in Group B (1783, 1831, 1810, 4642, 4643, 
4661, and 13602) in a ma'nnëï similar to that described for cattle exposed 
to strains in Group A, A sample of processed semen from one of the bulls 
34 
from which a strain in Group B had been isolated was also included in 
the intrauterine inoculum. Heifers were inseminated, examined, and re-
inseminated as described for those exposed to strains in Group A, The 
fifth heifer (83) and the bull (5348) were exposed to vaginal or preputial 
infection with strains in Group B as described for those exposed to strains 
in Group A and a similar protocol was followed. 
Two other heifers (82 and 84) and a bull (5106) were exposed to Group 
C (Quist, Donetta, and Palmer) mycoplasmata. As heifers exhibited signs 
of estrus, they were each given an intrauterine infusion of 0,5-ml, quanti­
ties of each of the 3 mammary isolants of Group C, The volume of inoculum 
was made comparable to that used in heifers exposed to Groups A or B by 
the addition of 5,5 ml, of sterile Kelton's broth. Following mycoplasma 
exposure, heifers received an intrauterine insemination with 2-5 ml. of 
unprocessed, mycoplasma-free semen from bull 4951, Heifers were examined 
in a manner similar to that described for those exposed to strains of 
Group A, The prepuce of bull 5106 was infused with 10 ml. of pooled, 3-
day broth cultures of strains in Group C to determine if preputial infec­
tion could be established. 
The 6 heifers which were maintained in a field pen were used as con­
trols on the artificial insemination technique and the fertility of the 
unprocessed semen from bull 4951, As they showed signs of estrus, these 
heifers were inseminated with 3-ral, quantities of unprocessed semen frcsn 
4951 using the same technique as that described previously. Heifers were 
rebred as they returned to estrus. 
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G, Histologic effects of Mycoplasma isolants on exposed virgin heifers 
The 12 heifers exposed to mycoplasma isolants of Groups A, B, and C 
were necropsied after pregnancy was determined by rectal palpation, A 
thorough post mortem examination was performed on each heifer. 
Within 10 minutes after death by electrocution and exsanguination, the 
nonpregnant uterine horn was isolated frcan the remainder of the genital 
tract by applying tissue forceps transversely to the longitudinal axis 
of the uterine horn at a point near the bifurcation. The nonpregnant horn 
was removed and placed in a sterile plastic bag for cultural examination, 
A sample of mucus from the cervico-vagxnal juncture and an internal iliac 
lymph node were collected and placed in sterile Petri dishes for cultural 
examination for mycoplasmata. Several scrapings each from the nonpregnant 
uterine horn. Fallopian tube, fimbria and ovary were cultured on Kelton's 
agar medium. 
Within 15 minutes after death, the lumen of the pregnant uterine horn 
of each heifer was injected with SO ml. of 25% neutral formalin. The 
entire remaining tract was removed and immersed in 10% neutral formalin 
for histologic sectioning and study. Representative sections of tissue 
from the heart, lung, liver, spleen, kidney, internal iliac lymph node and 
other tissues of interest were immersed in 10% neutral formalin. Tissues 
were stored at 4 C for approximately 1 week before blocks were cut and 
processed. Tissue blocks were cut from the above mentioned organs as well 
as the vagina, cervix (anterior, mid, and posterior), uterus (body, mid 
horn, tip of horn). Fallopian tube, fimbria, mesovarium, ovary, and 
fetus (saggital section). Tissues were washed, dehydrated, infiltrated. 
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and embedded* using conventional procedures and equipment.** Tissue 
sections were cut 6 y in thickness and stained with Harris's hematoxylin 
and 1% eosin Y alcoholic solution using conventional methods (AFIP manual, 
1960). Histologic examinations were made on all sections and observations 
were recorded. Photomicrographs were taken*** using Panatomic X film 
and a green filter. 
*Paraplast, Brunswick Corp., St. Louis 3, Mo. 
**Autotechnicon Model 2A, The Technicon Co., Chauncey, N. Y. 
***Panphot, E. Leitz, Inc., New York 16, N. Y. 
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IV. RESULTS 
Suitable methods were developed which permitted the isolation of 
mycoplasmata from a wide variety of bovine reproductive material. Both 
heart infusion mediums were found to adequately support the growth of the 
mycoplasma strains studied. Both mediums were, in general, of equal value 
for primary isolation of mycoplasmata as will be illustrated in the 
presentation of the results of the cultural examination of semen. Broth 
medium was found to be unsatisfactory for primary isolation of myco­
plasmata due to the interference of contaminating microorganisms. Primary 
isolation attempts in broth medium also increase the possibility of 
obtaining a culture containing more than one strain of mycoplasma. 
Results of 84 comparisons of the 2 methods of isolation (loop and 
agar block) from single colonies and propagation in broth medium indicate 
both methods are suitable. In 12 of 84 comparisions a successful isolation 
and propagation was achieved only with the loop technique. In 8 of 84 
comparisons a successful isolation and propagation was achieved only with 
the agar block method. Both methods were successful in 42 of 84 compari­
sons, In 22 of 84 comparisons neither method was successful, 
A, Occurrence of Mycoplasma in semen and other reproductive material 
The incidence of mycoplasmata in semen from bulls in stud A was rela­
tively high. The results of the cultural examination for mycoplasma of 
the 41 processed semen samples from 27 bulls in stud A are found in Table 
1, Mycoplasmata were isolated from 14 of 27 bulls. Colonies were observed 
only on Switzer's agar medium on 4 occasions and only on Kelton's agar 
ble 1 
11 No 
1783 
1786 
1790 
1795 
1798 
1800 
1802 
1804 
1810 
1816 
1819 
1823 
1825 
1826 
1827 
1831 
1834 
1842 
4637 
4638 
4641 
4642 
4643 
4660 
4661 
4665 
Results of the cultural examination for Mycoplasma of the 41 processed semen 
samples from 27 bulls in stud A 
Sample I Sample II 
Av, No. Mycoplasma Kelton's vrs. Av. No, Mycoplasma Kelton's vrs. 
Colonies Colonies 
/O.l ml. Isolated Switzer's agar /O.l ml. Isolated Switzer's agar 
0.5 Yes , S 
2.0 No Equal 49.0 No Equal 
15.0 Yes Equal 
22.0 Yes Equal 
- No Equal 
- No Equal 
- No Equal TNTC Yes S 
8.5 No S - No Equal 
1.5 Yes Equal 
29.0 Yes Equal 
13.5 No Equal 50.0 Yes Equal 
- No Equal - No Equal 
43.0 Yes Equal 
3.5 No Equal 
- No Equal 
- No Equal - No Equal 
- No Equal - No Equal 
5.5 No Equal 1.0 Yes K 
- No Equal - No Equal 
4.0 No S - No Equal 
80.0 No Equal 1 No K 
— No Equal - No Equal 
TNTC No Equal 
42.0 Yes Equal 
TNTC Yes 
No 
Equal 
Equal 
114.0 Yes Equal 
TNTC Yes Equal 
33.0 Yes K 
Yes = 11/27 Yes = 3/14 
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medium on 3 occasions. The average number of colonies per 0,1 ml. of semen 
varied from less than 1 to too numerous to count, On 10 of 41 occasions, 
mycoplasma-like colonies were observed but attempts to isolate the organism 
were unsuccessful. 
Results of the cultural examination for mycoplasma of 11 samples of 
unprocessed semen from 7 bulls in stud A with clinical signs of seminal 
vesiculitis are presented in Table 2. Mycoplasmata were isolated from only 
1 of 7 bulls examined. Again the average number of colonies per 0.1 ml. 
of semen varied from less than 1 to too numerous to count. 
Results of the cultural examination for mycoplasmata of samples of 
unprocessed semen from 24 bulls in stud A and the same semen samples after 
they had been processed are presented in Table 3. All cultures of extender 
and egg yolk used to prepare these processed semen samples were negative 
for mycoplasmata. Results shown in Table 3 indicate mycoplasmata were 
common in the samples of unprocessed and processed semen examined. 
The incidence of mycoplasma in semen from bulls in stud B was rela­
tively low. The results of the cultural examination for mycoplasma of the 
38 unprocessed semen samples from 27 bulls in stud B were negative. Myco­
plasma- like colonies were not observed. 
Results of the cultural examination for mycoplasmata of 46 samples of 
processed semen frcwi 18 bulls in stud B are presented in Table 4. Myco-
plasma-like colonies were observed on cultures of only 11 samples, and 
only 2 strains were isolated (3607 and 3643). 
Mycoplasmata were not commonly observed in cultures of other repro­
ductive material examined. Four strains (Black Eye, Sally, 4166 and 12) 
Table 2. Results of the cultural examination for Mycoplasma of 11 unprocessed semen 
samples from 7 bulls in stud A with clinical signs of seminal vesiculitis 
Sample I Sample II é Mycoplasma Kelton's vrs. Av. No. Mycoplasma Kelton's vrs. 
Bull No. Colonies Colonies 
/O.l ml. Isolated Switzer's agar /O.l ml. Isolated Switzer's agar 
4660 TNTC No Equal 
4665 - No Equal 
8610 - No Equal 
61174 9.0 No Equal - No Equal 
61175 1.0 Yes S 
- No Equal 
61187 0.5 No S - No Equal 
61189 6.0 No Equal TNTC No Equal 
Yes = 1/7 Yes = 0/4 
ble 3 
11 No 
1783 
1786 
1790 
1795 
1798 
1802 
1804 
1810 
1816 
1819 
1823 
1825 
1826 
1827 
1831 
1834 
1842 
4638 
4641 
4642 
4660 
4661 
4665 
Results of the cultural examination for Mycoplasma of samples of unprocessed and 
processed semen from 24 bulls in stud A 
Unprocessed semen Processed semen 
Av. No. Mycoplasma Kelton's vrs. Av. No. Mycoplasma Kelton's vrs. 
Colonies Colonies 
/O.l ml. Isolated Switzer's agar /O.l ml. Isolated Switzer's agar 
No Equal Not cultured 
- No Equal 0.5 Yes K 
131.0 No Equal TNTC Yes Equal 
0.5 No Equal - No Equal 
8.0 Yes Equal - No Equal 
- No Equal - No Equal 
8.0 Yes Equal 8.0 No Equal 
- No Equal - No Equal 
73.0 Yes Equal 138.0 No Equal 
104.0 Yes Equal 128.0 No Equal 
TNTC Yes Equal TNTC Yes Equal 
5.0 Yes Equal 2.0 No Equal 
No Equal 3.0 No K 
55.0 Yes Equal 36.0 No Equal 
133.0 Yes Equal 88.0 Yes Equal 
154.0 Yes Equal 105.0 Yes Equal 
0.7 Yes Equal 2.0 Yes Equal 
4.0 No K 1.0 No K 
21.0 Yes Equal 1.0 Yes Equal 
23.0 No Equal 21.0 Yes Equal 
188.0 No Equal 8.0 Yes Equal 
17.0 Yes Equal 111.0 Yes Equal 
31.0 No Equal TNTC Yes Equal 
TNTC Yes Equal 75.0 Yes Equal 
Yes = 13/24 Yes = 12/23 
ble 4 
11 No 
1615 
1617 
3607 
3617 
3636 
3637 
3639 
3640 
3641 
3642 
3643 
3644 
3645 
3650 
3660 
3662 
3663 
3664 
Results of the cultural examination for Mycoplasma of 46 samples of processed 
semen from 18 bulls in stud B 
Sample I Sample II 
Av. No, Mycoplasma Kelton's vrs. Av. No. Mycoplasma Kelton's vrs. 
Colonies Colonies 
/O.l ml. Isolated Switzer's agar /O.l ml. Isolated Switzer's agar 
No Equal No Equal 
- No Equal - No Equal 
1.0 Yes K TNTC No Equal 
- No Equal - No Equal 
- No Equal - No Equal 
- No Equal - No Equal 
- No Equal - No Equal 
1.0 No Equal - No Equal 
0.5 No K 32.0 No Equal 
- No Equal - No Equal 
75.0 Yes S - No Equal 
- No Equal - No Equal 
- No Equal - No Equal 
0.5 No S 4.0 No Equal 
126.0 No S 
- No Equal 
- No Equal - No Equal 
- No Equal - No Equal 
- No Equal - No Equal 
Yes = 2/18 Yes = 0/18 
Table 4 (Continued) 
Sample III Sample IV 
Av, No. Mycoplasma Kelton's vrs. Av. No. Mycoplasma Kelton's vrs. 
Bull No, Colonies Colonies 
/O.l ml. Isolated Switzer's agar /O.l ml. Isolated Switzer's agar 
1615 
1617 
- No Equal - No Equal 
3607 
3617 1 
3636 70.0 No K 
3637 - No Equal 
3639 
3640 8.0 No K 
3641 
3642 
3643 
3644 
3645 
3650 - No Equal 
3660 - No Equal 
3662 - No Equal 
3663 
3664 
- No Equal 
- No Equal 
Yes =0/8 Yes =0/2 
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were isolated frcm 4 of the 163 samples of vaginal mucus collected from 
cows on 13 farms. One strain (3446) was isolated from 1 of the 15 aborted 
bovine fetuses examined. One strain (5036) was isolated from 1 of the 
3 samples of preputial fluid examined, 
B, Morphologic, biochemical and serologic characteristics of Mycoplasma 
isolants 
The cellular morphologic characteristics of all mycoplasma strains 
included in this study were examined using phase contrast microscopy. 
Cellular morphology of all strains was quite similar and features which 
would aid in their differentiation were not observed. 
The colonial characteristics of 19 strains of mycoplasma were com­
pared. Nine isolants from semen, 1 from the prepuce, 1 from an aborted 
fetus and 3 from vaginal mucus were included. Seven-day-old colonies of 
these strains were compared with those of the 3 isolants from bovine 
mammary secretions received from workers at the University of Connecticut 
and 2 other isolants* classified as M, laidlawii and M. bovigenitalium, 
respectively. 
Photomicrographs of each strain are presented in Figures 1-19. 
Colonies of 6 of the strains studied (1783, 1790, 1795, 1810, 1831 and 12) 
were associated consistently with a film on the surface of the agar medium 
similar to that described by Edward (1950 a) as a characteristic of the P 
strains. Colonial morphology was found to vary somewhat with environmental 
*From Dr. W. H, Kelton, National Animal Disease Laboratory, Ames, Iowa. 
Figure 1. Photograph of mycoplasma colonies of isolant 1783. (38X) 
Note the film on the agar surface. 
Figure 2. Photograph of mycoplasma colonies of isolant 1790, (38X) 
Note the film on the agar surface. 

Figure 3. Photograph of mycoplasma colonies of isolant 1795. (38X) 
Note the film on the agar surface and the large, dark 
centers of the colonies. 
Figure 4, Photograph of mycoplasma colonies of isolant 1804, (38X) 
Note the rough appearance of the periphery of the colonies. 

( :  
Figure 5, Photograph of mycoplasma colonies of isolant 1810, (38X) 
Note the film on the agar surface. 
Figure 6. Photograph of mycoplasma colonies of isolant 1823. (38X) 
Note the variation in colony size. 

Figure 7, Photograph of mycoplasma colonies of isolant 1831. (38X) 
Note small, isolated areas of film on the agar surface. 
Figure 8. Photograph of mycoplasma colonies of isolant 4661. (38X) 
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Figure 9. Photograph of mycoplasma colonies of isolant 13602. (38X) 
Figure 10. Photograph of mycoplasma colonies of isolant 12. (38X) 
Note the film on the agar surface. 
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Figure 11, Photograph of mycoplasma colonies of strain C-15. (38X3 
Figure 12, Photograph of mycoplasma colonies of isolant 5036, (38X) 
56 
Figure 13. Photograph of mycoplasma colonies of isolant Sally, (38X) 
Figure 14. Photograph of mycoplasma colonies of isolant Black Eye. (38X) 
Note the dissimilarities between these colonies and those in 
Figure 13. 
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mm 
1 
Figure 15. Photograph of mycoplasma colonies of strain Palmer. (38X) 
Figure 16, Photograph of mycoplasma colonies of strain Quist. C38X) 
60 
m 
T , 
Figure 17. Photograph of mycoplasma colonies of strain Donetta, (38X) 
Figure 18, Photograph of mycoplasma colonies of isolant 3446. (38X) 

Figure 19. Photograph of colonies of Mycoplasma bovigenitalium. (38X) 
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factors, e.g. thickness of the agar, and density of inoculum. While there 
were marked colonial differences among strains, they were not consistent 
enough to be used in differentiating between M, laidlawii and M. 
bovigenitalium. 
Biochemical characteristics of 23 mycoplasma strains were determined. 
During the course of the study, 4 strains (4166, 4642, 4643 and 4665) 
were lost in culture and could not be subcultured from preserved material. 
Therefore, data on these 4 strains are incomplete. 
It would be noted from Table 5 that most strains did not ferment 
carbohydrates. Of the 6 strains (3446, C-15, Black Eye, Sally, 5036 and 
1795) that fermented carbohydrates, only 1 (1795) was isolated from semen. 
The strain isolated from the fetus (3446) fermented only mannose. All 
strains were viable and free from contamination when tested. 
Results of serum requirement tests are found in Table 6, All strains 
grew in broth and on agar medium with added horse serum but only 4 (C-15, 
Sally, 5036 and 1795) grew on a similar medium which was serum-free. 
In Table 7, the results of methylene blue and 2,3,5-triphenyl tetra-
zolium chloride reduction studies are summarized. It was observed that if 
a strain reduced either of these 2 chemicals it did so at all 4 levels used. 
Little or no correlation was found between results of tests conducted in 
broth and agar mediums. Also, little or no correlation was found between 
results obtained with methylene blue and tetrazolium chloride. Eight 
strains (3446, Black Eye, Sally, Quist, Donetta, Palmer, 1783 and 1810) 
reduced methylene blue in broth medium after 10 days' incubation. Five 
others (C-15, 5036, 1795, 1816, and 1831) reduced methylene blue in broth 
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Table 5, Results of carbohydrate fermentation test on 23 strains 
of mycoplasma 
Carbohydrate Fermentation 
Strain Source Glucose Mannose Galactose Maltose 
3446 Fetus - + - -
C-15 Sewage + + + + 
Black Eye Vagina + + - •f 
Sally Vagina + - + + 
4166 Vagina - - - -
5036 Prepuce + + + + 
Quist Udder - - - -
Donetta Udder - - - -
Palmer Udder - - - -
1783 Semen - - - -
1790 Semen - - -
1795 Semen + - - + 
1800 Semen . - - -
1804 Semen - - - -
1810 Semen - - - -
1816 Semen - - -
1823 Semen - - - _ 
1831 Semen - - - • 
4642 Semen - - - -
4643 Semen - - - -
4661 Semen - - -
4665 Semen - - - » 
13602 Semen - -
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Table 6. Results of serum requirements tests on 23 
strains of mycoplasma 
Serum Requirement 
Broth Agar 
With Without With Without 
Strain Serum Serum Serum Serum 
3446 + _ + 
C-15 + + + + 
Black Eye + - + -
Sally + + + X 
4166 + - + -
5036 + + + + 
Quist + - + -
Donetta + - + -
Palmer + - + * 
1783 + - + -
1790 + - + -
1795 •f + + * 
1800 + - + -
1804 + - + -
1810 + - + -
1816 + - + -
1823 + - + -
1831 + - + -
4642 + - + -
4643 + - + -
4661 + - + -
4665 + - + -
13602 + - + 
-
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Table 7, Results of methylene blue and tetrazolium chloride 
reduction tests on 23 strains of mycoplasma 
Methylene Blue Tetrazolium Chloride 
Reduction Reduction 
Strain Broth Agar Broth Agar 
3446 + + 
C-15 - - + 
Black Eye + - + 
Sally + - + 
4166 NG* NG NG NG 
5036 - - + 
Quist + - — -
Donetta + - — — 
Palmer + - — «* 
1783 + - «• «» 
1790 - - + 
1795 - - + 
1800 - - •a — 
1804 - -
1810 + + M 
1816 - - — M 
1823 - - •m » 
1831 - - — w 
4642 - - — — 
4643 - - + 
4661 - - — 
4665 - — — 
13602 - _ + 
*NG = No growth 
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medium after 3-4 days' incubation but reduction stopped and they were 
recorded as negative after 10 days' incubation. Colonies of strain 1810 
on methylene blue agar were green but all others were uncolored. Five 
strains (C-15, Sally, 5036, 1790 and 1795) reduced tetrazolium chloride 
in broth medium and grew more abundantly in its presence than in its 
absence. The colonies of 4 strains (3446, Black Eye, 4643 and 13602) 
were colored red after incubation on tetrazolium chloride agar medium. 
No strains produced catalase or hydrogen sulfide. Control cultures 
of V. fetus and V, bubulus produced catalase and hydrogen sulfide, 
respectively. 
Growth temperature test results are summarized in Table 8. All 
strains tested grew at 37 C and all except 3 (1783, 1795 and 1800) grew 
at 30 C. Only 2 strains (C-15 and 5036) grew at 22 C. None of the 
strains tested grew at 42 C. Results were similar for all strains regard­
less of whether broth or agar medium was used. One strain (4166) was non­
viable and therefore not tested. 
Studies to determine the influence of various gaseous environments on 
the growth of mycoplasma strains are presented in Table 9. All strains 
tested grew in atmospheres of 100% N2, 10% CO2 and 85% Ng, 50% CO2 and 50% 
N2, and 10% N2 and 85% CO2. Two strains (C-15 and 1790) failed to grow in 
an atmosphere of 100% CO2. Three strains (4166, 4643 and 4665) were found 
to be nonviable and therefore were not tested. 
The results of antibiotic sensitivity tests are presented in Tables 
10-12. In general, the results indicate that, at the levels used in this 
study, Ampicillin, Aureomycin, Chloromycetin, Kanamycin, Lincoraycin, 
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Table 8, Results of growth temperature tests 
on 23 strains of mycoplasma 
Growth Temperature 
Strain 22° 30° 37° 42° 
3446 - + + 
C-15 + + + 
Black Eye - + + 
Sally - + + 
4166 - - -
5036 + + + 
Quist - + + 
Donetta - + + 
Palmer - + + 
1783 - - + 
1790 - + + 
1795 - - + 
1800 - - + 
1804 - + + 
1810 - + + 
1816 - + + 
1823 - + + 
1831 - + + 
4642 - + + 
4643 - + + 
4661 - + + 
4665 - + + 
13602 - + + 
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Table 9. Results of gaseous atmospheric tests on 23 strains 
of mycoplasma 
Gaseous Atmosphere 
10% CO2 50% CO2 10% N2 
Strain 100% N2 85% N2 50% N2 85% CO2 100% CO2 
3446 + + + + 
C-15 + + + -
Black Eye + + + + 
Sally + + + + 
4166 - - - -
5036 + + + + 
Quist + + + + 
Donetta + + + + 
Palmer + + + + 
1783 + + + + 
1790 + + + 
1795 + + + + 
1800 + + + + 
1804 + + + + 
1810 + + + + 
1816 + + + + 
1823 + + + + 
1831 + + + + 
4642 + + + + 
4643 - - -
4661 + + + + 
4665 - - -
13602 + + + + 
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Table 10, Results of antibiotic sensitivity tests on 23 strains 
of mycoplasma 
Antibiotic Sensitivity 
Strain Alba. Arapi. Aureo. Chloro. Coli. 
3446 _ + + 
C-15 + + + + 
Black Eye - + + -
Sally — •f + + -
4166 NG* NG NG NG NG 
5036 - - - - -
Quist - + + + -
Donetta - - - -
Palmer - - + + 
1783 - + + -
1790 - + + + -
1795 - + + + • 
1800 - + + + -
1804 • + + + 
1810 - - + + » 
1816 - + + - -
1823 - + + - -
1831 + + + + • 
4642 NG NG NG NG NG 
4643 NG NG NG NG NG 
4661 - + + + + 
4665 NG NG NG NG NG 
13602 
-
+ + + 
-
*NG = No growth 
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Table 11, Results of antibiotic sensitivity tests on 23 strains 
of mycoplasma 
Antibiotic Sensitivity 
Strain Dihydro. Erythro. Kana. Linco, Neo. 
3446 + + 
C-15 + + + + + 
Black Eye + + + + -
Sally -
-
+ + 
-
4166 NG* NG NG NG NG 
5036 - + + - -
Quist 
- -
+ + -
Donetta - - + + 
Palmer - - + - -
1783 - - + + — 
1790 - - + + 
1795 - - + + • 
1800 - - + + • 
1804 - - + + 
1810 - . + + -
1816 . - + + -
1823 - - + + -
1831 - - + + -
4642 NG NG NG NG NG 
4643 NG NG NG NG NG 
4661 - - + + + 
4665 NG NG NG NG NG 
13602 
- -
+ + 
-
NG = No growth 
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Table 12, Results of antibiotic sensitivity tests on 23 
strains of mycoplasma 
Antibiotic Sensitivity 
Strain Pen. Poly. Terra, Tetra. Tylo. 
3446 . + + + 
C-15 - - + + 
Black Eye - - + + + 
Sally - - + + + 
4166 NG* NG NG NG NG 
5036 - - - + + 
Quist - - + + + 
Donetta - - + + + 
Palmer - - + + + 
1783 - - + + + 
1790 - - + + + 
1795 - - + + + 
1800 - - + + + 
1804 - - + + + 
1810 - - + + + 
1816 - - + + + 
1823 - - + + + 
1831 - - + + + 
4642 NG NG NG NG NG 
4643 NG NG NG NG NG 
4661 - - + + + 
4665 NG NG NG NG NG 
13602 -
-
+ + + 
*NG = No growth 
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Terraraycin, Tetracycline, and Tylosin are effective inhibitors of the 
growth of most strains of mycoplasma tested. Penicillin and Polymyxin 
were not inhibitory. Strains 4166, 4642, 4643 and 4665 were nonviable 
and therefore not tested. 
None of the strains tested produced hemagglutination. Erythrocytes 
from the horse, guinea pig, cow and turkey were used in the tube test. 
Horse, human type 0, chicken, cow and turkey erythrocytes were used in 
the plate test. 
Hemolytic test results are presented in Table 13. Nine strains (3446, 
Black Eye, Sally, Quist, Donetta, Palmer, 1783, 1790 and 1795) produced 
alpha hemolysis on horse blood agar medium. All other strains were non­
hemolytic (gamma hemolysis). Sodium azide added to the horse blood agar 
did not enhance hemolysis. Beta hemolysis was produced on guinea pig 
blood agar medium by 7 strains (3446, Quist, Donetta, Palmer, 1783, 1790 
and 1795). Six others (Black Eye, Sally, 1800, 1810, 4661 and 13602) 
produced alpha hemolysis on guinea pig blood agar medium. Seven other 
strains were nonhemolytic on this medium. Strains 4166, 4643 and 4665 
were not studied. 
The results of studies on the effect of mycoplasma strains on cell 
cultures are also presented in Table 13. Five strains (3446, Sally, 
Quist, Donetta and Palmer) produced CPE in all 3 primary cell cultures 
studied. The cytopathic effects were first observed in the area of the 
cell sheet nearest the butt of the tube. The CPE appeared in the kidney 
and testicle cell cultures about 50-55 hours after inoculation and reached 
maximum levels after 70 hours. The CPE appeared in the chicken embryo 
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Table 13. Results of hemolysis tests on 23 strains of mycoplasma 
and the effect of these strains on cell cultures 
Strain 
Hemolysis Effect on Cell Cultures 
Horse 
Blood 
Guinea Pig 
Blood BEK BT CEF 
3446 Alpha Beta + + + 
C-15 Gamma Gamma - - -
Black Eye Alpha Alpha + + + 
Sally Alpha Alpha 
-
- -
4166 NG NG NG NG NG 
5036 Gamma Gamma - - -
Quist Alpha Beta + + + 
Donetta Alpha Beta + + + 
Palmer Alpha Beta + + + 
1783 Alpha Beta - - -
1790 Alpha Beta - - -
1795 Alpha Beta - - -
1800 Gamma Alpha - - -
1804 Gamma Gamma - - -
1810 Gamma Alpha - - -
1816 Gamma Gamma - - -
1823 Gamma Gamma - - -
1831 Gamma Gamma - - -
4642 Gamma Gamma - - -
4643 NG NG NG NG NG 
4661 Gamma Alpha - - -
4665 NG NG NG NG NG 
13602 Gamma Alpha - -
-
*NG = No growth 
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fibroblast cultures at about 70 hours and reached maximum levels after 120 
hours. The CPE observed in cultures of each of the 3 cell types was quite 
similar. Cells first became granular in appearance, later rounded and 
finally detached from the glass. Cell cultures with and without CPE were 
culturally positive for mycoplasma but culturally negative for aerobic, 
microaerophilic and anaerobic bacteria. Second passage cell culture 
material did not produce CPE sooner than first passage material. 
Results of serologic studies of mycoplasma insolates were variable. 
Tube agglutination test results of 21 antiserums against 45 antigens are 
found in Tables 14 and 15. Results are recorded as the highest dilution 
of antiserum in which agglutination was observed. Cross reactions were 
common. Titers of homologous antigen-antibody systems were often lower 
than those of heterologous systems. Agglutinins were not detected when 
preinjection rabbit serums were tested against homologous and heterologous 
antigens. Antigen and antiserum were not made for strain 4166 because it 
did not survive long enough in culture and attempts to isolate it from 
frozen cultures were unsuccessful. Antigens were not made for 4 other 
strains (1790 F, 1798 R, 1827 R, and 4665 F) for the same reason. 
Growth-inhibition test results are found in Table 16. Five (Quist, 
Donetta, Palmer, 1783 and 1790) of the 21 antiserums tested did not inhibit 
the growth of the homologous mycoplasma strain. Five other antiserums 
(Black Eye, 1804, 1816, 4642 and 4661) inhibited the growth of only hcsnolo-
gous strains. One antiserum (3446) inhibited the growth of all strains, 
Preinjection rabbit serums did not inhibit growth of homologous or 
heterologous strains. 
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Table 14. Results of tube agglutination tests conducted on 21 a 
Antigens 3446 C-15 Black 
Eye 
Sally 5036 Quist Donetta Pa 
3446 1600 100 800 200 800 800 400 4 
C-15 — — — — 100 — 50 100 — — — — -
Black Eye 800 25 800 100 25 800 100 2 
Sally 800 200 50 800 50 800 800 2 
5036 25 100 25 50 200 — — — 50 -
Quist 800 800 800 800 800 800 800 4 
Donetta 400 400 25 400 — — " 800 1600 1 
Palmer 800 800 800 800 200 200 200 2 
1783 — — — — 25 — ™ — 25 25 25 25 
1790 200 — — — " 25 100 w « a* " » < 
1795 100 — — — 100 25 100 — — — 800 — 1 
1800 200 — — — — " — 25 50 25 25 
1804 — — — — — — — — — — — — — 25 — 25 11 
1810 50 50 50 50 50 25 100 11 
1816 400 100 M M M » » «m s M tm • 
1823 — — — — 50 — » — " " " " « a»  ^» a# » a t 
1831 400 25 50 — — — 400 100 200 11 
4642 — — — — 50 50 100 — — — « « 
4661 100 400 m» 50 100 <•> M •» mm mm mm M « 
4665 50 50 «*•••* — — — 100 — ^ » 
13602 25 200 50 100 50 200 
' 
*Negative test 
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utination tests conducted on 21 antiserums and 21 Mycoplasma antigens 
Antiserums 
Sally 5036 Quist Donetta Palmer 1783 1790 1795 1800 1804 1810 1816 1823 11 
200 800 800 400 400 100 25 * 800 200 800 800 ; 
50 100 — — — — — — — — — - 25 , 100 — — — 50 — — — «•Ma» 200 25 • 
100 25 800 100 200 100 100 100 25 — — — 200 25 100 -
800 50 800 800 200 25 — — — 800 800 100 25 800 
50 200 — — — 50 — — — 50 25 50 — — 200 400 25 50 
800 800 800 800 400 200 800 800 800 — — — 800 400 800 L 
400 — — — 800 1600 100 — — — — — — — — — 800 •» — — 25 100 W * 
800 200 200 200 200 — — — 100 — — — 50 — — — 200 200 100 ] 
25 25 25 25 50 400 25 — — — — — — — — — 800 25 25 
25 100 — — — — — — — — — — 50 400 — — — — — — — — — 800 800 400 -
25 100 — — — 800 — — — 100 200 100 — — — — — — 200 50 25 
25 50 25 25 25 200 — — — — — — 200 — — — 800 100 100 
— — — 25 — • — 25 100 50 100 — — — — — — 400 — — — 200 100 
50 50 25 100 100 400 25 
50 
- - - 25 
100 
1600 25 
200 
25 
400 
] 
— — • — — — — — — — — — — — — — — — — 100 — — — — — — — — 50 100 100 4 
— — — 400 100 200 100 100 — — — 800 800 50 800 — — — 800 4 
50 100 — — — — — — — — — — — — — — — — — — — — — — — — — — *• — — — — — — 
50 100 — — — — — — — — — — 200 800 50 50 50 100 — — — 200 
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Table 15, Results of tube agglutination tests conducted on 21 antis 
Antigens 3446 C-15 Black Sally 5036 Quist Donetta Palmer 
Eye 
1786 F 200 800 400 * 400 100 100 400 
1804 R 25 — — 25 •W M «• — — — — — — 50 200 
1816 R "•«••• —  — —  — — « — — — 50 — — -
1819 R 100 25 — — — 100 200 100 — — — — — — — 
1823 R 200 50 25 — — — 50 50 — — — — — — — 
1823 F — — — — — — — — — — — — — — — — — — 50 — — — 
1825 R — — — — — — 200 50 — — • —• — — — 
1831 R 100 25 50 25 50 25 — — — — 50 
1831 F 50 " — " — — — — — — — — — — — — — — — — 
1834 R 800 800 800 200 200 100 200 — — — 
1834 F — — — — — — — — — 200 200 100 — — — — — — — 
1842 R — — — — — — 25 50 200 100 — — * — 100 
1842 F — — — — — — — — ^  100 200 200 — — — 
4641 R 200 100 200 " • 50 25 — — — — «» ™ ** 
4641 F 800 25 25 50 200 — — • 50 " — — 
4642 F — — — 25 » — — — — — — — «» — a» a •* M » m# 
4660 F — — — — — — «w — — " — " — » » — M a* 
4661 R — — — • * — — — — «m — " — » » «m M «v w V « « 
4661 F — — — — — — — — — 25 — — — «m » «m — 100 
13602 R 200 200 800 — — " 100 — — — w w •• •« M « 
13602 F 200 50 100 — — — 100 100 50 «m «# m» 
61175 R — — — • — — * a* 4» 25 m» «» » M 
3607 F 200 — — — 100 50 100 100 100 
3643 F #» M » <•>«*« 
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Table 16, Results of growth-inhibition tests conducted on 21 a 
Mycoplasma 3446 C-15 Black Sally 5036 Quist Donetta Pi 
Ej^ e 
3446 + - - + - - -
C-15 + + - + + + + 
Black Eye + - + + - - -
Sally + - - + - - -
5036 + + - + + + + 
Quist + - - + - - -
Donetta + - - + - - -
Palmer + - - + - - -
1783 4- - - + - - -
1790 + - - + - - -
1795 + - - - - - -
1800 + - - + - - -
1804 + - - + - - -
1810 + - - + - - + 
1816 + - - + - - -
1823 + - - + - - -
1831 + - - + - - -
4642 + - - - - - -
4661 + - - + - - -
4665 + - - - - - -
13602 + - - + - - -
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C. Clinical effects of Mycoplasma isolants on fertility of virgin heifers 
and bulls 
The effects of the mycoplasma isolants on the fertility of virgin 
heifers and bulls were determined. Prior to exposure to mycoplasma infec­
tion, heifers experienced normal estrus cycles and were culturally negative 
for mycoplasmata. Prior to exposure to mycoplasma infection, the bulls 
were culturally negative for mycoplasmata. Bull 4951 consistently pro­
duced semen of excellent quality and quantity. 
The results of viable cell counts of strains used to study the clini­
cal effect of mycoplasma isolants on fertility of virgin heifers are 
found in Table 17. Strains were stored in liquid nitrogen from 368 to 
416 days before the number of viable cells/ml, of each was determined. 
Results indicate that 54.4% of the mycoplasmata survived freezing and 
storage. An increase in viable cell count after freezing was observed in 
strains 1810 and 1831. The total viable cell count for strains in Group A 
after freezing (3.01 x 10^ ) was approximately 6 and 2 times larger than 
that of strains in Groups B (5.28 x 10?) and C (1.47 x 108), respectively. 
The 4 heifers given an intrauterine infusion of 1-ml. quantities of 
each of the 7 semen isolants in Group A required an average of 1.0 breed­
ings per pregnancy. It is estimated from the results shown in Table 17 
that each animal received at least 3.01 x 10^  viable mycoplasma by intra­
uterine infusion. Only 1 mycoplasma colony was observed in the cultures 
of the vaginal mucus samples of 1 of these heifers (88) taken 1 day after 
intrauterine exposure to mycoplasma. All other vaginal mucus samples from 
these heifers were culturally negative for mycoplasmata. Clinical signs 
of vaginitis were not observed. 
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Table 17. Results of viable cell counts/ml. of cultures of Mycoplasma 
before and after freezing 
Viable Cell 
. .Mycoplasma Count/ml. No. Days 
Group Strain Before After Frozen 
Freezing Freezing 
A 1790 O.llXloG 0.11x108 416 
1795 2.70X108 2.00x108 416 
1800 0.01x108 0.17x106 416 
1804 1.50x108 0.85X108 416 
1816 0.45x108 0.18X10? 416 
1823 0.41x108 0.28X10? 416 
4665 0.01x108 0.04X10? 416 
Total 5.19x108 3.01x108 416 
B 1783 0.55x108 2.30X10^  389 
1810 0.10x108 1.30X10? 389 
1831 0.13x108 2.40X10? 389 
4642 0.24x108 1.00X10? 389 
4643 0.03X10% 1.41X10^  389 
4661 0.03X10? 1.00X10^  389 
13602 0.14X108 2.01X10^  389 
Total 1.19x108 5.28X10? 389 
C Quist 1.25X108 0.83X1O8 368 
Donetta 1.10X108 0.29X108 368 
Palmer 0.46X108 0.35X108 368 
Total 2.81X108 1.47x108 368 
A, B, G C Total 9.19X108 5.00x108 
Preputial -exposure to strains of Group A resulted in a mycoplasma 
infection which persisted in the prepuce of bull 5355 until necropsy 113 
days later. Mycoplasma colonies were observed on cultures of all preputial 
fluid samples collected from this bull. No attempts were made to identify 
the mycoplasma colonies observed. Heifer 87, bred by natural service to 
bull 5355 after Group A mycoplasmata had been established, conceived 
following 1 service but developed clinical signs of a purulent vulvo­
vaginitis within 7 days after breeding. Vaginitis persisted for 3-4 days 
but vaginal mucus samples from this heifer were culturally negative for 
mycoplasmata. Clinical signs of a mild vulvovaginitis were observed in 
heifer 87 within 6 days following an intravaginal instillation of strains 
of Group A. These signs again persisted for 3-4 days. Vaginal mucus 
samples from this heifer remained culturally negative for mycoplasmata 
until necropsy. 
The 4 heifers given an intrauterine infusion of 1-ml. quantities of 
the 7 semen isolates in Group B required an average of 1.5 breedings per 
pregnancy. One (86) required 3 breedings and each of the other 3 became 
pregnant following 1 insemination. It is estimated (Table 17) that each 
animal received at least 5.28 x 10^  viable mycoplasma by intrauterine 
infusion. Mycoplasma colonies were not observed on cultures of vaginal 
mucus from these 4 heifers. Clinical signs of vaginitis were not observed. 
Preputial exposure to strains of Group B resulted in a mycoplasma 
infection which persisted in the prepuce of bull 5348 until necropsy 113 
days later. Mycoplasma colonies were observed on cultures of all preputial 
fluid samples collected from this bull. Attempts were not made to identify 
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the mycoplasma colonies observed. Heifer 83, bred by natural service to 
bull 5348 after preputial infection with strains of Group B had been 
established, conceived following 1 service but developed clinical signs 
of a purulent vulvovaginitis within 7 days after breeding. Vaginitis per­
sisted for 3-4 days but vaginal mucus samples were culturally negative for 
mycoplasmata. Clinical signs of a mild vulvovaginitis were observed in 
heifer 83 within 6 days following an intravaginal instillation of strains 
of Group B, These signs also persisted 3-4 days and vaginal mucus samples 
were culturally negative for mycoplasmata until necropsy. 
The 2 heifers given an intrauterine infusion of 0.5-ml, quantities of 
each of the 3 mammary isolants in Group C required an average of 2.5 
breedings per pregnancy. They required 1 (82) and 4 (84) breedings, 
respectively. It is estimated (Table 17) that each animal received 7,35 x 
10^  viable mycoplasma since they received 0,5 ml, of each of the 3 strains 
after they had been frozen. Mycoplasma colonies were observed in cultures 
of all vaginal mucus samples taken frcm heifer 82 from 4 days after intra­
uterine infusion to necropsy 51 days later. Cultures of vaginal mucus 
from the other heifer (84) were positive for mycoplasma colonies for 35 
days but were negative thereafter. Clinical signs of vaginitis were not 
observed. Mycoplasma colonies observed were not identified. 
Preputial exposure to strains of Group C resulted in a mycoplasma 
infection which persisted in the prepuce of bull 5106 until necropsy 24 
days later. Mycoplasma colonies were observed but not identified on cul­
tures of all preputial fluid samples collected from bull 5106. 
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The 6 heifers which served as controls on the artificial insemination 
technique and on the fertility of semen frcm bull 4951 required an average 
of 1,16 services per pregnancy. One heifer (5335) was bred twice and the 
remaining 5 were each bred once. 
D, Histologic effects of Mycoplasma isolants on exposed virgin heifers 
All 12 heifers exposed to mycoplasma isolants of Groups A, B and C 
were necropsied. Cultures from the reproductive tracts and internal iliac 
lymph nodes of all heifers were negative for mycoplasmata. 
Significant gross lesions were not observed at necropsy, except for 
those to be described later in the genital tracts of certain heifers. 
Histologic changes considered to be unrelated to exposure of the uterus 
to mycoplasmata were frequently observed in tissues other than those from 
the genital tract. Mild chronic bronchiolitis involving only a few 
bronchioles in each lung section was commonly observed, A few small foci 
of mild chronic myocarditis and widely scattered sarcosporidial cysts were 
found in the hearts of all heifers. Mild chronic focal hepatitis was 
commonly found and occasionally eosinophilic leucocytes were observed to 
infiltrate the connective tissue stroma of the portal triad. Chronic focal 
interstitial nephritis was frequently observed. Eosinophilic splenitis 
and lymphadenitis was found in all heifers. Histologic changes similar in 
degree and occurrence to those described above have been observed in the 
tissues of heifers from the same herd used in other experiments. 
Gross lesions were observed in the mesovarian tissues of 3 (5486, 
5489 and 5492) of the 5 heifers exposed to mycoplasma strains of Group B 
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and both heifers exposed to strains of Group C. The mesovarium of these 
heifers was thickened and vegetative growths were observed, Mesovarian 
tags and adhesions were common in these heifers. Gross lesions were not 
observed in the genital tracts of the 5 heifers exposed to mycoplasma 
strains in Group A, 
Microscopic lesions observed in the genital tracts of the heifers 
are summarized in Table 18, Those thought to be of the most significance 
were observed in the genital tracts of 3 of the 5 heifers exposed to myco­
plasma strains of Group B and both of the heifers exposed to strains of 
Group C. The histologic change considered to be the most significant was 
chronic inflammation of the mesovarium. The normal mesovarium is illus­
trated in Figures 20 and 21, Chronic inflammation was observed grossly 
and microscopically in the mesovarian tissues of one or both ovaries in 
all 5 of the above mentioned heifers. This lesion was observed in the 
mesovarium associated with the oviduct and fimbria (Figures 22-24) and in 
the mesovarium at its ovarian attachment (Figures 25-27), The mesovarian 
inflammatory response was characterized by mononuclear leucocytic infil­
tration accompanied by eosinophilic leucocytes and epithelioid cells. 
Structures resembling lymph follicles were formed in the mesovarian stroma, 
tfyperemia of the mesovarian blood vessels was observed. Another lesion 
also considered to be of significance was chronic salpingitis. The normal 
oviduct is illustrated in Figures 28 and 29, Chronic salpingitis (Figures 
30 and 31) was found in 1 heifer exposed to mycoplasma strains of Group C, 
Mononuclear leucocytes were observed in abnormally high numbers in the 
mucosa of the oviduct of this heifer. Inflammation of the mesovarium and 
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Table 18, Microscopic lesions observed in the genital tracts of heifers 
exposed to strains of Mycoplasma 
Cow Group Tissue Lesion 
5487 A Uterus Glandular atrophy with periglandular fibrosis 
(few glands) 
5488 A Uterus 
Uterus 
Glandular atrophy with periglandular fibrosis 
(few glands) 
Glandular dilatation 
5490 A Uterus Glandular dilatation 
5491 A Uterus Glandular atrophy with periglandular fibrosis 
(3 glands) 
5493 A None 
5483 B Uterus Periglandular lymphocytic infiltration (few 
glands) 
5485 B Uterus Glandular atrophy with periglandular fibrosis 
(1 gland) 
5486 B Uterus 
Ovary-
Glandular atrophy with periglandular fibrosis 
(few glands) 
Chronic inflammation of mesovariura 
5489 B Uterus 
Uterus 
Ovary 
Glandular atrophy with periglandular fibrosis 
(1 gland) 
Glandular dilatation 
Chronic inflammation of mesovarium 
5492 B Uterus 
Ovary 
Glandular atrophy with periglandular fibrosis 
(few glands) 
Chronic inflammation of mesovarium 
5482 C Uterus 
Ovary 
Glandular dilatation 
Chronic inflammation of mesovarium 
5484 C Uterus 
Oviduct 
Ovary 
Periglandular lymphocytic infiltration (few 
glands) 
Chronic salpingitis 
Chronic inflammation of mesovarium 
Figure 20. Normal mesovarium. (125X) Notice the loose connective 
tissue stroma contains few cells and the mesothelium 
appears stratified in some areas. 
Figure 21, Normal mesovarium, (300X) 
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Figure 22. Inflammation of the raesovarium. (50X) The stroma is packed 
with infiltrating inflammatory cells. The tissue in the 
upper right more closely approximates the normal mesovarium. 
Figure 23. Inflammation of the mesovarium. (125X3 The mesothelium 
appears nonstratified and mesovarian veins are hyperemic. 

Figure 24, Inflammation of the mesovarium. (300X) Infiltrating 
inflammatory cells are mononuclear leucocytes accompanied 
by eosinophilic leucocytes and epithelioid cells. 
Figure 25. Inflammation of the mesovarium. (50X) Inflammatory reaction 
can be seen in the mesovarium near its ovarian attachment. 
Structure at the top of the photomicrograph is the ovary 
with 2 developing follicles. 

Figure 26. Inflammation of the mesovarium, (125X) 
Figure 27, Inflammation of the mesovarium, (300X) Infiltrating 
mononuclear leucocytes and hyperemia of venules can be seen. 

Figure 28, Normal oviduct, (125X) Note the apparent septum. 
Figure 29, Normal oviduct. (300X) Few mononuclear leucocytes are 
seen in the subepithelium. 

Figure 30. Mild chronic salpingitis. (125X) A moderate number of 
mononuclear leucocytes are seen in the subepithelium. 
Figure 31, Mild chronic salpingitis. (300X) 
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chronic salpingitis were not observed in tissues from heifers exposed to 
mycoplasma strains of Group A. 
Normal uterine glands are illustrated in Figures 32 and 33. Glandular 
atrophy with periglandular fibrosis (Figures 34 and 35) involving only a 
few glands in each tissue was observed in the uteri of 7 heifers. This 
lesion was usually in the deeper regions of the endtHuetrium near the 
myometrium and was occasionally accompanied by mononuclear leukocytic 
infiltration. Glandular dilatation (Figure 36) involving a few glands in 
each tissue section was observed in the uteri of 4 heifers. Periglandular 
lymphocytic infiltration (Figure 37) also involving only a few glands 
was observed in the uteri of 2 heifers. Eosinophilic leucocytes were 
occasionally associated with the periglandular lymphocytic infiltration. 
PU 
Figure 32. Normal endometrium of heifer pregnant 55 days, (5OX) 
Spaces in the endometrium are fixation artifacts. 
Figure 33, Normal endometrial glands. (300X) 
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Figure 34, Atrophy and periglandular fibrosis of endometrial glands, 
(125X) Notice the moderate periglandular mononuclear leuco­
cytic infiltration and cellular debris in the distended 
glandular lumen. Necrosis of the glandular epithelium is 
apparent. 
Figure 35. Atrophy of endometrial gland, (125X) Periglandular mono­
nuclear leucocytic infiltration is marked and cellular debris 
is seen in the distended glandular lumen. Necrosis of the 
glandular epithelium is apparent. 
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Figure 36. Endometrial glandular dilatation. (300X) Periglandular 
fibrosis, luminal debris and leucocytic infiltration are 
absent. The glandular epithelium does not appear to be 
necrotic. 
Figure 37. Periglandular lymphocytic infiltration accompanied by 
eosinophilic leucocytes. (300X) 
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V. DISCUSSION 
Mycoplasmata were found, in this study, to be present in processed 
and unprocessed bull semen in significant numbers. This is the first 
report of the primary isolation of these organisms from processed bull 
semen, Albertsen (1955), Barber and Fabricant (1962) and others report 
the primary isolation of mycoplasmata from unprocessed bull semen, Myco­
plasmata were not found, in this study, in samples of semen extender and 
egg yolk used in extender, when these materials were examined culturally. 
It has been demonstrated in this study, in agreement with the report of 
Florent (1953), that mycoplasmata can establish in the bovine prepuce 
and survive for an indefinite length of time. Here they can contaminate 
semen as it is being collected for artificial insemination. Antibiotics 
commonly used in processed bull semen do not eliminate the possibility 
that mycoplasmata are deposited in the reproductive tract of cattle with 
semen at the time of insemination. However, breeding records on the con­
ception rate of cows inseminated with semen from mycoplasma-infected bulls 
in stud A indicated mycoplasma infection was not correlated with a con­
ception rate significantly lower than that normally observed. Whether 
the conception rate of cattle inseminated with mycoplasma-infected semen 
could be improved if the mycoplasmata were eliminated from the semen has 
not been established. 
The difference in the occurrence of mycoplasma in semen samples from 
studs A and B is difficult to interpret. It was not determined whether 
this difference was inherent in the microbial population of the preputial 
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cavities of the bulls, or was induced by therapeutic or husbandry prac­
tices. One might expect to find variation in microbial flora in different 
animal populations. 
The relatively low incidence of mycoplasraata in reproductive materials 
other than semen was ipnexpected. It was suggested that mycoplasmata might 
be contributing to the increasing number of clinical cases of bovine 
infertility which appear to be produced by infectious organisms but from 
which the usual pathogens, e.g. Vibrio fetus and Trichomonas foetus, are 
not isolated, Mycoplasmata may be more common in reproductive materials 
than the results of this study indicate. Diagnosticians are encouraged to 
examine reproductive materials routinely for mycoplasraata, to accumulate 
additional evidence on their incidence and significance in specific cases 
of bovine infertility. The results of this study indicate that techniques 
and mediums necessary for the isolation and preservation of mycoplasmata 
from the bovine genital tract have been developed. 
Comparative studies on 18 mycoplasma isolants from the reproductive 
tract with 4 previously described isolants revealed that at least 4 
species and several serotypes were included in the group. Biochemical 
tests which were particularly useful in differentiating isolants were 
carbohydrate fermentation, serum requirement, triphenyl tetrazolium 
chloride reduction in broth, and the effects on cell cultures. On the 
basis of the results obtained with these tests, the isolants may be grouped 
and identified as 3 previously described and 1 new species (Table 19). 
One sonen isolant (1790) was biochemically identified as M, bovigenitalium 
although it reduced triphenyl tetrazolium chloride. Two isolants, 1 from 
Table 19. Comparison of 18 isolants from the reproductive tract and 4 isolants of 
previously identified species 
Isolants 
Carbohydrate 
Fermentation 
Serum 
Requirement 
Effect on 
Cell Culture 
TTC 
Reduction Identification 
C-15,* Sally, 5036, 1795 + 
- -
+ Mycoplasma 
laidlawii 
Quist,^ Donetta,* Palmer^ - + + - Mycoplasma 
agalactiae var. 
bovis 
3446, Black Eye + + + 
- Mycoplasma sp. 
13 semen isolants 
— 
+ 
-
— Mycoplasma 
bovigenitalium 
a = Previously identified species 
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an aborted bovine fetus (3446) and 1 from vaginal mucus (Black Eye) were 
considered to be significantly different from other previously described 
mycoplasmata, and on this basis they might constitute a new species. 
Further comparative studies are necessary before these isolants are identi­
fied as members of a new species. The results of this study confirm the 
reports of Edward (1950 b) and Hale et al. (1962) in which bovine myco­
plasma isolants are characterized. 
This is the first reported differentiation of bovine mycoplasraata 
according to their effect on cell cultures, although mycoplasmata pro­
ducing CPE in cell cultures have been isolated previously (Berchtold and 
Bogel; 1962), This characteristic was found to be stable and reliable 
under the conditions of this study. It is recommended that future charac­
terization studies on mycoplasmata should include the determination of 
their effect on cell cultures. The results of biochemical tests other 
than those mentioned in Table 19 were variable and were considered to be 
of limited value in the identification of isolants. 
Serologic and morphologic characterization studies of the mycoplasma 
isolants produced results which were variable and difficult to interpret. 
However, on the basis of growth-inhibition test results, relationships were 
observed which suggest these isolants belong to 8 serotypes. Those 
inhibiting the growth of all or most isolants (3446, Sally, 1795, 1800 and 
1823) comprised serotype I, Those inhibiting primarily the growth of C-15 
and/or 5036 (C-15, 5036, Quist, Donetta, Palmer, 1783, 1790, 1831, 4665 
and 13602) comprised serotype II, The remaining isolants (Black Eye, 1804, 
1810, 1816, 4642 and 4661) may represent separate serotypes, III through 
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VIII, respectively. It should be re-emphasized that these serotypes are 
not sharply demarcated and therefore reflect only an interpretation of 
trends in the growth-inhibition test results. Under the conditions of 
this study, tube agglutination test results were quite variable and no 
definite groupings could be made. Similarly, morphologic characteristics 
proved to be of little use in identification of isolants. 
Clinically detectable signs of infertility were not observed in 
heifers exposed to mycoplasma isolants from semen when cultures were 
placed in their uteri. Furthermore, these mycoplasma strains were not 
able to establish in the vagina. However, the heifers exposed to mammar)' 
isolants by a similar method showed clinical signs of infertility and the 
mycoplasmata were found to establish and persist in the vagina. Since 
clinical and histologic studies had been reported previously (Hirth et al,, 
1966 a) on cattle exposed to the 3 strains of M, agalactiae var, bovis, 
it was decided to expose only 2 heifers to these strains for comparative 
purposes. 
It has been reported by Diernhofer (1951), Terpstra (1953 a) and 
Afshar et al. (1966) that mycoplasmata are found regularly in clinical 
cases of vaginitis. It is suggested but cannot be concluded from the 
results of this study that mycoplasmata were responsible for the clinical 
signs of vulvovaginitis observed in the 2 heifers bred by natural service 
to bulls with preputial infections with semen isolants. The inability to 
isolate mycoplasmata from the heifers with these clinical signs is diffi­
cult to explain. It may be that the mycoplasmata, if indeed they are 
responsible for the vulvovaginitis, are quickly rendered nonviable or 
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phagocytized and therefore removed from the vaginal mucus shortly after 
clinical signs appear. Results suggest that the clinical signs of 
vulvovaginitis appear within a few days after natural breeding and persist 
for only a few days. Other agents may have caused these clinical signs. 
Observations on bulls in this study suggest that semen isolants of 
mycoplasma can establish and persist in the prepuce without producing 
clinical signs. If indeed mycoplasmata are transmitted venereally, as is 
suggested by Bakos et al. (1959) and Bane (1964), it was not demonstrated 
in this study. Although venereal transmission of these organisms is 
probable, additional adequately controlled experimental work should be 
done to determine its occurrence and importance in genital mycoplasmosis. 
An unusual mesovarian inflammation was observed grossly and micro­
scopically in one or both ovaries from both heifers exposed to mycoplasma 
strains of Group C and 5 of 5 heifers exposed to strains of Group B. This 
histologic change was not observed in heifers exposed to strains of Group 
A. It is probable that the ovarian adhesions mentioned by Rowson (1942), 
Lombard et al. (1951) and Hirth et al. (1966 a) were gross manifestations 
of inflammation of the mesovarium similar to these observed in this study. 
In spite of the failure to isolate mycoplasmata from these mesovarian 
lesions, it was concluded that at least 1 of the strains included in Groups 
B or C has pathogenic characteristics not possessed by any of the strains 
in Group A, It is apparent that a mycoplasma isolant may possess the 
characteristics of M. bovigenitalium and may or may not produce chronic 
inflammation of the mesovarium when introduced into the uterus at estrus. 
This is further evidence that certain strains of M. bovigenitalium may 
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be pathogenic and others may be nonpathogenic, Edward (1952) reported 
the experimental inoculation of mycoplasma cultures into the uteri of 
heifers did not produce disease. One can only speculate on whether only 
nonpathogenic isolants were studied or whether pathogenic isolants were 
studied but the rather obscure lesions of chronic inflammation of the 
mesovarium were present but not observed. 
The reproductive performance of the 5 heifers in which inflammation 
of the mesovarium was found (Table 18) was variable. The 2 heifers (86 
and 84) which required 3 and 4 breedings respectively before becoming 
pregnant were among those which had the mesovarian lesion. The 3 other 
heifers with this lesion became pregnant following their first breeding. 
These results indicate that mycoplasma exposure of the uterus at estrus 
followed by insemination may not interfere with fertilization of subse­
quent ova. The delicate ovum, soon after it is shed, encounters the 
periovarian tissues and is transported to the oviduct where fertilization 
occurs. Intimate contact by the ovum with inflammed tissues and their 
exudates might have a harmful effect on fertilization and/or conception. 
The occurrence of gross and histologic lesions primarily in meso­
varian rather than endometrial tissues following exposure of the uterus 
to cultures of mycoplasma is deserving of comment, Hirth et al. (1966 a) 
speculate on the possibility of an affinity of these organisms for the 
oviduct rather than the uterus. Secondly, they point out that the uterine 
defense mechanisms, especially near the time of estrus, may be superior 
to those of the oviduct. Both of these explanations are plausible. A 
third explanation might be based on differences in the histologic struc­
ture of the tissues in question. The endometrium undergoes cyclic 
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infiltration by leucocytes and is surrounded by the mycMnetrium, It con­
tains uterine glands which are actively secretory. These glands and the 
endometrial lumen are lined with epithelial cells « In contrast, the 
mesovarium is a thin, nonglandular, membranous tissue containing loose 
connective tissue and lined with mesothelial cells. It is not surrounded 
by muscular layers and therefore permits virtually unrestricted tissue 
migration of leucocytes in response to a stimulus from infecting micro­
organisms. The mesovarium is the first serosal surface contacted by 
mycoplasmata which are placed in the uterus. The serosal affinities of 
these organisms are well known (Nocard and Roux, 1898). 
A second histologic lesion, chronic salpingitis, was found in the 
reproductive tract of 1 heifer in this study. This lesion was considered 
to be significant and was thought to be a result of infection by the 
mammary isolants to which the heifer was exposed. The chronic salpingitis 
observed in this heifer differed in several respects from the chronic 
suppurative salpingitis described by Hirth et al. (1966 a). Inflammation 
of the mucosa of the oviduct could conceivably be harmful to the ovum or 
hinder the process of fertilization. 
Other histologic changes, i.e. glandular atrophy, glandular dilata­
tion and periglandular lymphocytic infiltration, were observed in the 
endometrium of heifers in this study. However, since these histologic 
changes were widely scattered in the endometrium of affected heifers and 
since they involved only a few of the uterine glands, they were considered 
to be of little significance. Similar histologic changes have been 
observed in uterine tissues from other heifers originating from the NADL 
cattle herd. 
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Additional information is needed on the role of mycoplasmata in 
bovine infectious infertility. The results of this study and those of 
others raise questions concerning the importance, nature and occurrence 
of genital mycoplasmosis that only concerted research can answer. 
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VI. SUMMARY 
Methods were developed for the isolation of mycoplasmata frcm bovine 
reproductive materials. Two heart infusion mediums were employed and 
found to be suitable and of equal value for primary isolation of 
mycoplasmata. 
The incidence of mycoplasma in processed and unprocessed bull semen 
from 2 studs was deteimined. Isolations were made from 39 of 99 samples 
of semen from 32 bulls in stud A and 2 of 84 samples of semen from 45 
bulls in stud B. Mycoplasmata were isolated, before and after processing, 
from 7 semen samples from 7 bulls in stud A. The average number of myco­
plasma colonies/0.1 ml, of semen varied from less than 1 to at least 150. 
Colonies in some samples were too numerous to count. Mycoplasmata were 
not isolated from egg yolks or from samples of egg yolk-citrate extender 
received from stud A. Possible explanations for the relative difference 
in incidence of mycoplasma in studs A and B are presented. 
Field specimens from clinically normal and clinically abnormal cattle 
were collected and culturally examined. Mycoplasmata were isolated from 
4 of 163 samples of vaginal mucus, 1 of 15 aborted bovine fetuses and 
1 of 3 preputial samples. 
Cellular and colonial morphologic characteristics of mycoplasma isolants 
were determined. These characteristics were found to be of little value 
in their identification. 
Biochemical characteristics of 18 mycoplasma isolants were determined 
and canpared with those of 4 previously identified strains. Such charac­
teristics as carbohydrate fermentation, serum requirement, methylene blue 
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and 2,3,5-triphenyl tetrazoliura chloride reduction, hydrogen sulfide and 
catalase production, temperature tolerance, gaseous atmosphere requirement, 
antibiotic sensitivity, hemagglutinating and hemolytic properties and the 
effects of isolants on primary cell cultures were studied. Characteristics 
found to be particularly useful in identifying isolants were carbohydrate 
fermentation, serum requirement, triphenyl tetrazolium chloride reduction 
in broth and the effects on cell cultures. This is the first report of 
the differentiation of bovine mycoplasma isolants according to their effect 
on cell cultures. On the basis of these test results, the 18 isolants 
were identified. Thirteen of the 14 semen isolants were identified as M. 
bovigenitalium. Three isolants, one each froa semen, vaginal mucus and 
prepuce, were identified as M, laidlawii. Mycoplasma sp. were isolated 
from an aborted fetus and a sample of vaginal mucus. 
Serologic characteristics of mycoplasma isolants were variable. 
However, on the basis of growth-inhibition test results, 8 serotypes were 
suggested. No definite grouping could be made on the results of tube 
agglutination tests. 
Intrauterine exposure of virgin heifers to semen isolants did not 
produce mycoplasma infection of the vagina or clinical signs of infertility. 
Vulvovaginitis was observed in heifers bred by natural service to bulls 
preputially infected with mycoplasma isolants from semen. However, myco-
plasmata were not isolated from vaginal mucus collected from these heifers 
and the signs persisted for only a few days. Signs of infertility were 
observed in heifers exposed to M, agalactiae var. bovis, and these organisms 
persisted in the vaginal mucus of exposed heifers for 35 to 51 days. 
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Pooled cultures of semen isolants established and persisted in the 
preputial cavity of bulls but venereal transmission could not be proven. 
Necropsy of heifers exposed by intrauterine inoculation revealed 
the reproductive tracts were culturally negative for mycoplasmata. Gross 
and microscopic inflammatory changes of the mesovarium were observed in 
3 of the 10 heifers exposed to mycoplasma strains from semen and in both 
heifers exposed to M. agalactiae var. bovis. These changes are described 
and their possible significance is discussed. Mild chronic salpingitis 
was observed in one heifer exposed to M, agalactiae var. bovis. Other 
histologic changes observed were considered to be of little significance. 
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